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Subject: Deficiency Response
IJDOGM Task ID 3591
Permit Amendment Submittal
Hydrologic Monitoring Plan
Bear Canyon Mine, C101510025

Dear I\[s. Abate:

Enclosed is a revised hydrologic monitoring amendment to the
Bear Canyon Mine permit, number C101510025. Norwest is
submitting this amendment on behalf of CW Mining Company
dlbla Co-Op Mining Company, Kenneth A. Rushton, U.S.
Bankruptcy Trustee to the Bear Canyon Mine. This package
includes one original and three copies of the following: notarized
Cl and C2 forms, redlined version of changes to the MRP for your
review, and a final version of the proposed changes to the MRP.
Please review and provide comments to the public notification
publication and Norwest Corporation will publish it accordingly.

The attached proposed changes to the MRP reflect a change in the
active monitoring locations to reflect current surface disturbance
and underground mining at the site. To support the proposed
amendment, we have provided Tables 1 -3 in Appendix 7-J. The
attached Table 1 was derived from the sites in Table 7-14, and
expanded to identify each site's objective, proposed status, and
rationale for retention or temporary reduction. In addition, the
water quality parameter list has been reduced, following
statistical evaluation of data in the mine's database. Table
summarizes the historic water quality parameters by site type to
identify parameters which have regularly been less than detection
limits, or below state use water quality criteria. Norwest filtered
out data which had incorrect units or was an obvious anomaly
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when it was one or two orders of magnitude higher than the data
set. Table 3 provides site specific statistics on water quality
parameters collected at each site. The statistics have been
calculated for all sampling events when results exceeded the
detection limit. Thus, the average value is exceptionally
conservative. The revision relocates permit material in Appendix
7-J to the end of Appendix 7-N.

Norwest Corporation proposes to reduce the current 45 sites to 20
active sites, as shown in the revised Table 7-I4. One (SBC-23) site
will be discontinued as the landslide it was associated with has
stabilized. The frequency will be reduced to quarterly for all sites,
and sampling of springs above workings will be weekly for the
first 30 days, and quarterly thereafter. A new sampling suite
category entitled "Expanded List" is identified in Tables 7-13 and
7-17. This list has fewer analytes than the baseline list, and
eliminates the need to sample trace metals which have low levels,
many below detection limits, based on the statistical evaluation
provided in Tables 2 arfl 3 of AppendixT-J.

A deficiency letter was issued August 8, 2010 for the original July
15, 2010 submittal. Questions are italicized below, with responses
in bold.

1) [R645-301-120J: The narrative section of the MRP
discussing the water monitoring plan begins on page 7-48 and
ends on page 7-60. The applicant did not submit any text revisions

for the narrative section of the plan. This sectionwill need to be
updated to reflect the approved revisions. In addition, the
applicant submitted Tables I, 2 and 3 as supplemental material
that were intended to show rationale for proposing deactivating
and reactivating sampling sites and statistical evaluations of the
sample locations. The applicant did not appear to intend to
include them as part of the final MRP; however the Division would
like that they incorporate them into the mine plan such that the
rationale for reactivating the sampling locations is clearly
illustrated.
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The application package now includes text revisions to the
water monitoring plan. Tables 1,2, and 3 of the July 15,2010
cover letter have been incorporated into Appendix 7J, which
has been renamed from Investigation of Groundwater &
Surface Water Systems to "2010 Characterization of
Groundwater and Surface Water Monitoring." Appendix 7J
originally contained PHCs from Mayo and Associates dated
6/25/01 and 718107. These have been added to the end of
Appendix 7N, which has a PHC from 4126193.

2) [R645-301-731.210J: Monitoring well MW-] l7 was
proposedfor deactivotion until such time that mining
resumes/begins in the area. Based on the recent trend in water
level data showing a significant rise in water levels, continued
gauging MW-117 for water levels is necessary.

MW-117 has been reinstated.

3) SBC-3 is set in the alluvium in a creek adjacent to stream
sample BC-3 at the margin of the disturbed area. Because the well
is set in the alluvium, the groundwater system has the potential for
contact with the disturbed area. Therefore, it is important that this
site continue to be sampledfor operational water quality
parqmeters.

SBC-3 will be monitored quarterly for the same parameters as
springs.

4) The applicant has structured their plan to reactivate the
sampling locations when it is determined that mining in these
specffic areas either begins or resumes. The best way to track this
is for the applicant to provide a commitment to the Division in
Bear Canyon Annual Report to evaluate the mine plan each year
and notifi the Division ofwhichwater monitoring points will be
activated based on the forecast for underground mining. It is
suggested that the applicant commit to re-establish monitoring of
the sites a minimum of one year prior to mining activity resuming
in the area.
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Section 731.210 has been modified to include an assessment of
the monitoring plan as it relates to the next year's mining as
part of the Annual Report. We have retained the wording of
re-initiating the monitoring within six months to ensure
compliance, given the issuance date of the Annual Report, and
due to the fact that there is a multiple year block of baseline
data for these sites.

5) The Division recommends re-evaluating the monitoring of
two spring samples SBC-4 and SBC-9A quarterlyfor dissolved and
total lead. There were no statistical data to just{y the reasonfor
lead sampling at either of these sites.

April Abate of UDOGM sent an email 3-16-10 indicating that
Jim Smith of UDOGM indicated that there had been a cave-in
below this area where a lead battery was buried. Given that
the springs can be used as water supplies, it was recommended
that lead be analyzed. Norwest sought additional
governmental monitoring of the springs through STORET and
USGS Water Quality websites, and was unable to find
supplemental lead monitoring. At this time, we will retain lead
on the sampling list, although there is no evidence of lead in
either spring.

6) [R645-301-731J: The applicant did not submit a revised
map of the water monitoring locations. Please submit a current
version of Plate 7-4 showing spring SBC-23 as historical
monitoring site as well as any other relevant updates to the map'
The Division also recommends that updated mine plans shown in
Plates 5-IA, 5-lB, and 5-lC be submitted also - this can be
submitted separately and does not necessarily need to be submitted
concurrent with this water monitoring plan amendment.

Plate 7-4 has been modified to change the status of spring SBC-
23. Nonvest acknowledges the desirability to have updated
mine plans, but suggests that these are best provided by the
future operator of the mine.
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Please contact me with any questions or concerns.

Yours sincerely,

NORWEST CORPORATION

Cathy Begej
Senior Hydrologist/Proj ect Manager

Enclosures

Cc: Kenneth A. Rushton - U.S. Bankruptcy Trustee
Richard H. Thornton - Prince, Yeates & Geldzahler
Aleta Brown - Norwest Corporation
Carl Pollastro - Norwest Corporation
Rhino Enersv



APPLICATION FOR COAL PERMIT PROCESSING

Permit Change ffi New Permit ! Renewal ! Exploration I Bond Release ! Transfer I

Permittee: CW Mining Company d/b/a Co-Op Mining Company, Kenneth A Rushton
Bear Canyon Mine Permit Number:

Title: U.S. Eanhruptcy Trustee

COPY

c/015t0025

Description, I'clude reason for application a'd timing required to implenrent
Water Monitorinq Amendment

rs, this application may require Pubtic Notice publication.
s: -Disturbed Area: - ! in.teus.!decr"ase.
tivision Order? DO#
ide a previously identified Cumulative Hydrologic Impact Area?
,drologic basins other than as currently approved?
, reduction or increase of insurance or reclamation bond?
c notice publication?
'rship, control, right-of-entry, or comp liance inform ation?
ic road or cemetery or 300 feet of an occupied dwelling?
'iolation? NOV #
er laws or regulations or policies?

Explain:
ryner or change the post mining land use?
ground design or mine sequence and timing? (Modification of R2P2)
;tion and reporting of any baseline infonnation?
llife or vegetation outside the cunent disturbed area?
rmoval, storage or placement?
ation monitoring, removal or revegetation activities?
'uction, modification, or removal of surface facilities?
monitoring, sediment or drainage control measures?
ed designs, maps or calculation?
lence control or monitoring?
vided?
rm, a stream buffer zone or discharges to a stream?
other agencies or permits issued to other entities?
rrmation and is it clearly marked and separated in the plan?

Please attach three (3) review copies of the application. If the mine is on or adjacent to Forest Service land please submit four
(4) copies, thank you. (These rrurnbers include a copy for the price Field Office)

For Office Use Only: Assigned Tracking I Received by Oil ,  Gas & Ivl ining
Number :

FoTm DOGM- Cl (Revised December 10,2007)

I hereby certifu that I arn a responsible official of the applicant aud that the information contained in this application is true and best of my information

Print Narne

'f 
:rpilliffi 

':"#;"4J',#"ffi 
;Twnts,.undertakinss,andobrigati

#_!rg,"tp"A
Subscribed and sworn to before me this ,2o ro
Notary Publi , state of Utah

q - -  -  - *  - - !

f -4e,r1* Notarv Publlc !Notarv Publlc :
lEEK.R0Bltrls0il I

My commission Expires.
Cornmission Number.
Address:

DIXEEK.RO
t75 East 100 So{d

I

) ss:
)
I

75 East400Sosill,Sttilc€{10 1
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the Star Point Sandstone (See Appendix 7-N), rather than one single aquifer within the Star Point

sandstone and Blackhawk formation.

A detailed hydrogeologic evaluation of the Star Point aquifers is included in Appendix 7-

N. General observations concerning the groundwater hydrology and geology of the permit area

and surrounding areas are presented in Appendixl-J:l.

Existin g Groundwater Resources

Groundwater occurs under both unconfined and confined conditions in the permit area.

The unconfined conditions occur as local perched zones within bedrock and as saturated zones in

shallow alluvial deposits along the main drainage bottoms and in the surficial soil mantle, and

are expressed as local seeps. Confined conditions occur at depth and are either fault controlled,

with the faults serving as channels and/or barriers to groundwater flow, or controlled by an

aquifer being overlain by an impermeable layer.

Data obtained from our investigations encountered perched water within the lower

portion of the Blackhawk formation. Mine roof seeps, however, do not exhibit seasonal

variation or response to precipitation and consist of persistent, relatively unvarying seeps or

infiltrations. The source of these seeps is apparently from larger, overlying perched zones,

exposed sufficiently by mining activities to allow slow drainage or possibly areas of joint

systems, sufficiently interconnected to provide a larger source area.
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Drillhole data also indicated that three separate aquifers exist within the Star Point

sandstone tongues. The investigation of these aquifers is presented in Appendix 7-N.

Fracture-enhanced permeability allows water to pass vertically through strata, which

would normally impede flow. Depending on the extent to which the fractures are interconnected,

vertical groundwater flow can be limited to a short distance, or it can extend to the regional water

table. Joint systems at the surface exhibit enlargement by weathering but, based on observations

within the mine, are expected to be generally closed or possibly non-existent with depth. Only

minor, localized diversion of flow within the mine is expected to take place through the joint or

fracture systems with no significant affect on regional flow patterns. The degree of rock

fracturing in the Bear Canyon seam and overlying mine roof rock is relatively low, based on

visual observations of the rock quality within the mine and general lack of mine roof over-break.

Outcrop examinations indicate the joint systems are not extensively interconnected.

Springs in the area, specifically Big Bear Springs, located next to the southeast corner of

the permit area, are the most significant water resource for the area. Mining activities have not

affected the volume or qualiry of the flow of these springs for the reasons discussed in the

following paragraph (See Appendix,T.-N. and Appelldix 1-N),

Flows for the two major springs adjacent to the permit area, Big Bear Spring and Birch

Spring, as well as flows for two additional springs, Little Bear Spring and Tie Fork Spring, have

been included in Appendir 7N-D. Annual plots ofthe flows are shown in Appendix 7N-E. Plots

of the flow from Big Bear Spring show that peak flows during the period of 1980 through 1986

7-6 #J?*49
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occurred about one month later than peak flows at the Huntington gauging station. In the 1987-

1988 water year, the lag period between peaks in the stream and spring discharge is

approximately two months. This increase in lag time is attributed to a combination of lower

precipitation accumulations and shorter snowmelt period (See Appendix 7-N" secticn 2.7.3).

Because the period of record flows for Birch Spring is limited (Appendir 7-N. section 2.7.4), a

comparison of flows to Huntington creek prior to 1990 cannot be made.

Aquifer Characteristics

Appendix &j$, Section 4.0 discusses the groundwater aquifer characteristics in detail.

Plate 7-4 identifies the locations of springs and water monitoring points within and adjacent to

the Permit Area. A generalized stratigraphic section of the geologic units is shown in Appendix

JJ! Figure 5. Plate 7J-l and 7J-? show hyrologic cross-sections, which jllustrate the projected

potentiometric surfaces within the permit areas.

Field measurements and drill hole data indicate the regional strike, dip and bedding

thicknesses are quite uniform within the mine permit area. Four drillholes were drilled

immediately North of the permit area and investigated by Savage Energy Services Corporation

(T-1, 2, 4, 5). Three additional drill holes were drilled by Co-Op in the same area (SDH-1, 2. 3).

Three holes were also drilled north of Wild Horse Ridge by Cyprus/Plateau (\'lW-l14,116,117).

Lithology and water level information for all of these holes except MW-I14 is shown on Plate 7-

9. Projections of bed elevations obtained from this drill hole data were in close agreement with

the equivalent bed elevations at the site, at a regional dip of approximately two degrees south.
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area. The initial interception of groundwater, expressed as roof seeps, by the mine workings was

approximately 3-% acre ftlyr.

In 1989, a significant amount of water was encountered in the 1" North Section of the

Blind Canyon Seam, expressed as roof drips and flowing from roof fractures. Mining eventually

encountered the apparent source of this water, a significant channel sandstone, which traverses

East-West along the North end of the mine. The exact dimensions and configuration of this

channel is unknown. Isotopic dating of the water in this aquifer has indicated the water to be

approximately 1,000 years old. It is anticipated that Co-Op will eventually dewater this aquifer.

Surface and groundwater monitoring has indicated no hydraulic connection between this aquifer

and any springs in the permit area. To date, no impacts as a result of this dewatering have been

observed in any of the springs within the permit area. Additional discussion on this channel is

given in AppcndirJ-N.

Isotopic dating of Big Bear Springs, as well as chemical analysis, has indicated that the

spring is not hydrologically to the mine water or the channel aquifer. Monitoring of Big Bear

Springs, as well as Birch Spring and the other springs within the permit area will continue in

order to ensure that no impacts due to mining occur. A description of the isotopic and chemical

data of the mine water and springs is shown in AppendixJ-N. In 1998, surface wells SDH-? and

SDH-3 were sampled for baseline parameters and for isotopic dating. This information is

discussed in Appendix J:N.

7- t l fi12*tJg
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Hydrologic information from monitor wells 1\,{W-1]4, 1l{>, and l17 indicate that the

uppermost tongue of the star point sandstone is unsaturated under Wild Horse Ridge. A detailed

discussion of this aquifer is given in Appendi"SN.

Aquifer Recharge

Snow at the higher elevations provides the greatest source of groundwater recharge.

Deuterium analyses of groundwater in the region indicate that most, if not all, groundwater is

derived from snowmelt (Danielson et. al., 1981). The percentage of water derived from

snowmelt, which recharges the groundwater system versus that which runs off to stream flow is

controlled by the surface relief, the permeability of exposed strata, the depth of snow pack, and

the rate of snowmelt. Published precipitation contours for the area indicate annual precipitation

of 17 to 18 in.lyr for the permit area.

Evapo-transpiration is estimated to be on the order of three to four inches annually

(Danielson, et. al., 1981). Surface runoff, based on a mean site elevation of 8200 ft and on the

generally deeply incised nature of much of the permit area and the predominance of south, east

and west-facing slopes, is estimated to be 11 to 12 in./yr. These values correspond to estimates

by others for the general area (Intermountain Consultants,1977).

Up to three inches average annual precipitation is thus available for recharge for the

1140-acre permit area, resulting in an equivalent 285-acre ftlyr. The large proportion of outcrop

versus total surface area of most of the permit area makes outcrop areas and drainage channel

.g?s{=q
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alluvium the principal recharge sources, with the soil

the north part of the area.

mantle becoming increasingly important in

Additional discussion on groundwater recharge is given in Appendix ftl\ and 7-l{,

section 2.4.2.

Aquifer Water Quality

Results of baseline water sample analyses for the Bear Canyon fee area are presented in

Tables 7.1,7.2 and 7.3. The chemical characteristics of the ground and surface water in the

permit area are quite uniform with the exception of higher suspended solids content in the

surface water. It is noted that sulfate contents are lower in the Bear Springs samples while

surface water (Bear Creek), in contact with an appreciable section of the Star Point Sandstone in

its lower reaches, is relatively high in sulfate. Previous studies (Danielsen, et. al., 1981) indicate

water derived from the Star Point aquifer is higher in sulfate than the overlying units. This is

additional indication that the Bear Springs supply is not the Star Point-Blackhawk aquifer.

Baseline water quality data for the springs in and around Wild Horse Ridge and Federal

Lease U-024316 are presented in Appendix 7-N,{. The majority of the springs identified flow

from faults and joints in the North Horn and Price River formation. The chemical characteristics

of these springs are similar to the other springs within the permit areas. Spring Wt{R-6 (SBC-

14), which issues from the Star Point Sandstone (Spring Canyon Tongue), displays sample

7-r3 #t?4tJp
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results for TDS consistently over 1500 mg/I. This is similar to the quality observed

ssc-3, and is typical of water quality from the star point sandstone.

Appendix 7-M includes some water quality information for the McCadden Hollow

springs around Lease U-024316 for 1991 and 1992 and information tgm spli4gq in the

Mohrland Area. A 2t)I$-gyaluirtion *f tire nlonitorilrg plan resultpd in lp.lrg-tern data Funrn]aries

found in Appendix 7-l{.; 7:N.$ater quality information iis also summarized in Appendix 7#, the

PHC document.
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Effects of Mining on Surface Water

The operation of Bear Canyon Mine by C. W. Mining is expected to have only a very

minimal effect on surface water on the area. The quality of Bear Creek before passing through

the mine plan area is poor. Generally, as the excess mine water is discharged into Bear Creek;

the surface water quality is improved significantly after passing through the mine site. The

potential impacts to surface waters are discussed in AppendixJ-N, section 9.1.f. The greatest

potential impact of mining operations is probably an increase in sediment loading to Bear Creek.

Controls and diversion structures have been constructed to prevent sediment-laden water from

disturbed area from mixing with local surface water, to minimi ze the mining impacts on the

receiving stream waters.

724.300 Geologiclnformation

Geologic information for use in determining the probable hydrologic consequence of

mining operations upon the quality and quantity of surface and ground water, whether

reclamation can be accomplished, and whether the proposed operations have been designed to

prevent material damage to the hydrologic balance outside the permit area is discussed in detail

in Cihapter 6 Geology (R645-301-624) and under numerous headings in this chapter.

7-36 sagts
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No alternate water source is needed since we do not expect to impact any current water

sources as explained in R645-3fr1-724.1{}{i and R64S-301-V24.2A{}.

R645-301-728 Probable Hydrologic Consequence Determination

See AppeudixJ:N.

R645-301-729 Cumulative Hydrologic Impact Assessment

See Appendix 7-L.

R645-301-730 Operation Plan

R645-301-731 General Requirements
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731.100 Hydrologic Balance Protection

fffects of Nlining on Groundwater Balance

Mining operations in the permit area will be confined to the coal bearing strata within the

basal part of the Blackhawk formation. The coal strata are generally dry throughout most of the

permit area, with the Tank Seam being dry throughout the entire property, and are part of an

undeveloped aquifer system, which consists of a series of generally discontinuous perched water

zones within the Blackhawk formation. Overlying formations are not uniformly saturated. The

Star Point Sandstone is unsaturated in the Southern and Eastern parts of the permit area, and

saturated in all three tongues on the Northwestern end of the permit area. The potential

groundwater impacts are discussed in detail in AppenclixJ-N, section 9.0. The potential impacts

can be categorized into two basic sections: 1.) Potential impacts to groundwater quantity and2.)

Potential impacts to groundwater quality.

Quantity

Mining affects on water quantities consist of interceptions of local perched zones, and the

interception of a larger perched aquifer at the North end of the Blind Canyon Seam workings.

Investigations have shown that this aquifer is not hydraulically connected to Big Bear or Birch

Spring (Appendix 7-l'{), so dewatering of this aquifer will have no impact on the quantity of

these springs. These waters are collected in sumps within the mine and either diverted for

culinary water and dust control or it is discharged into Bear Creek. Groundwater surveys are

conducted and submitted annuallv to the Division. Groundwater is also removed as moisture
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within the coal itself. As discussed in the PHC, the estimated volume of water removed in this

manner is 22 acre-feet per year.

The affects of subsidence in the permit area, on regional or local groundwater flow, are

expected to be minor and of short duration. Localized diversions or interceptions of short

duration only are expected due to the plastic flow of shaley units and to both development and

tightening of existing fractures which occur due to unbalanced compressive-tensile forces

associated with subsidence. The reclamation plan proposes to control post-mining subsidence

which is expected to be a maximum of 5.5 feet assuming all three seams are mined, with no

subsidence to occur in a varying 100 to 200 ft wide corridor from outcrop areas and permit

boundary areas, as well as under escarpments.

In the portion of Federal Lease U-024316 to be permitted, mining will take place in the

Tank Seam only, which will limit any subsidence to a maximum of 1.9 feet. In the event mining

reaches far enough North to mine at an elevation below Bear Creek, an adequate barrier will be

left to completely prevent any impact on Bear Creek. This banier is shown on Plate 5-3 and

described in Appendix 5-C.

Quality

The potential impacts to water quality include contamination of water due to rock dust

usage, abandoned equipment, the usage of hydrocarbons, and contamination from road salting.

These potential water quality impacts are discussed in detail in Apperrdix /=-bl, Sectlqn q.0 (PHC)

and Appendix 7-P.
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Rock dust which is used for the suppression of coal dust may potentially impact the

groundwater flowing through the mine by the dissolution of the rock dust constituents into the

water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has

been known to result in high TDS concentrations; therefore Co-Op has implemented the use of

limestone rock dust. Mine water discharged into Bear Creek is monitored for TDS, as well as

the in-mine water monitoring wells, to ensure increased concentrations do not result for the

mining activities.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used on-site for the

mining equipment. Spillage of these materials could potentially contaminate the groundwater in

the permit area. Sectiou 9.0 of the PHC (Appendix J$) discusses in detail the program, which

C. W. Mining has implemented to prevent contamination of the groundwater from these sources.

Road salting is also discussed. Abandoned equipment is discussed in Appendix 7-Q.

Mitigation and Control Plans

No treatment of groundwater occurrence or other control measures in the present mine

have been required. Interference of the groundwater regime has consisted of interception of

local perched zones within the Blackhawk formation, with the significant portion of the flow

coming from a sandstone channel located at the North end of the Blind Canyon Seam workings.

No treatment of groundwater occurrence or other control measures have been required or

are expected to be required for the permit area. See the discussion on potential impacts in

AppendixJ-N.
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At this time, groundwater monitoring has shown no impact on the groundwater supply

(depletion), quality or other interference to occur in or adjacent to the permit area. No

groundwater rights have been affected to date or are expected to be affected by mining in the

permit area. Groundwater monitoring will continue to ensure no impacts do occur.

As discussed in Appendix J!l\i, section 9- 1, hydrocarbons in the form of oil and fuel are

stored at the mine site. A spill prevention control and counter measures plan is maintained

onsite-outlining controls to prevent and mitigate any hydrocarbon spills. Within six months of

the implementation of the Wild Horse Ridge facilities construction, this plan will be updated to

reflect the controls for the new facilities.

731.200 WaterMonitoring

731.210 GroundwaterMonitoringPlan

Monitoring activities are designed to determine water levels, discharge and water quality

fluctuations in relevant aquifers or groundwater occurrences in the mine area. Data is collected

from mine sumps, from monitoring wells within the mine, observation wells on the surface, and

springs. The objectives are to identifr potential impacts during and after mining and, provide

continuing data on the areas aquifer characteristics and groundwater occurrences. A

recommended water-monitoring program is ,fg"Un{*in Appgqdix ?-}|, sectlgn .t 0"C*:hgt_ig

superceded b]'Tables 7-12 through 7-|7.
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Springs below the mine will be sampled to determine discharge and water quality

parameters and their possible variation with time. These springs include SBf--14, Big Bear

Springs. COP Deveiopment Springs, and Birch Springs (Plate 7-4). Periodic checks will be

made of the mine area to determine any impact not currently expressed at the surface. This data

will be used to estimate seasonal fluctuations, aquifer recharge and consistent long-term changes

and to ensure that no impacts occur. Springs above the mine will be monitored for field

parameters, since the potential for impact to these springs is quantity rather than quality. SBC-9A

and SBC-4 will be monitored for lead quality.

Groundwater monitoring will follow the ground water sampling guidelines as shown in

Table 7-12 using the water quality parameter list in Table 7-13.,New significanl occurrences

within the present permit area will be promptly included in the sampling program, as specified

by state requirements. Operational ground water monitoring will continue through reclamation

to Bond Release.

The sampling matrix for each of the existing monitoring stations during the operational

phase of mining is included in Table 7-14. No baseline data is available for SIIC-17, but will be

collected in 2000 and 2001, prior to mining occurring within the vicinity of this spring. Baseline

samples wil l be collected for SBC-14, SBC-15, SBC-16, MW-114 and MW-117 in200l.
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Temporary Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonpermanent fashion by installing PVC surface casing with a

threaded cap for access.

Annual Report. An Annual Report evaluating all data collected for the year will be submitted to

DOGM as required. The report u,ill incluc{e r-rotification ef sites pr*iected far re-initiation of

rnonitoring based on the projected mine plan over tlre rrext 12 rnor:ths. Sarnpling r.vill begir"r at

least 6 mgJrlhs prior to preiiected impacts tionr r,grelermining.

Quarterly Data Submission. A1l water monitoring data will be submitted to DOGM on a

quarterly basis within 90 days or less of quarterly sampling collection.

DH-lA.pll-2, Dli-3. Three observation wells, DLt-lA. Di"t-2. DI"I-3, were installed in 1992

(Plate 7-4). These wells are for the collection of piezometric surface and water quality data from

the Spring Canyon tongue of the Star Point Sandstone, and are located such as to determine the

extent or occurrence of groundwater within the depths of potential impact of the mining activities

on the groundwater regime. Construction and Development of these wells are discussed in

Appendix ?-N. In 1993 DH-3 was abandoned and was replaced by llH-4. shown on Plate 7-4.

Groundwater encountered in these wells will be sampled as specified above along with

the other locations and used to correlate with the water quality data from Bear Springs, COP

Development Springs, Huntington Spring, and Birch Springs to provide a check on estimates of

groundwater contamination. These springs were selected since their flow is the sole use of

Defeted: Tto\lo'
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groundwater to be possibly

data gathered in 1992from

affected by mining activities in the permit area. Discussion of initial

the wells$re found inr{ppendix 7-N.

Table 7-12 Ground Water Sampling

Deleted: is

Deleted: Appendi.r 7-J (PltC) and

Deleted: 7/08/05
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Baseline Monitorins Operational Monitoring Post-minins Monitoring

Type of Sampling site Springs, In-Mine Flows,
Boreholes, Observation
Wells.

Springs, In-Mine Flows,
Boreholes, Observation
Wells.

Springs, Observation Wells, Mine
discharge points.

Field Measurements and Parameters
(Table 7.1-7)

Water levels and/or flow and
water oualitv

Water levels and/or flow and
rvater oualitv

Water levels and/or flow and water
qualitv

Sample Frequency Each site Ouarterl),
Adequate to describe seasonal
variation.

Monthly recommended for
more accurate description of
seasonal variation.

Ouarterlv samples springs and
wells;

In-mine flows at initial
interception- quarterly after lst
30 days until diminished

From sumps and./or mine
discharge points quarterly or as
reouired bv UPDES.

Ouarterlv based on potential impact;

or once Der annum (spring sampling
at low flow).

Sampling Duration Two years (one complete year
of data before submission of
PAP).

Every year until two years after
surface reclamation activities
have ceased.

Until termination of bondins.

Type of Data Collected and
Reported

Wells and Boreholes: Water
quality, water level of flow
logs, collar elevation; ground
elevations; screened interval;
formation where completed;
depth.

Springs:
Water quality, location, and
flow.

Wells and boreholes: Water
quality, water level or flow.

Springs;
Flow and water quality with
one samole taken at low flow.

Wells and Boreholes:
Water quality, water level or flow.

Springs:
Flow, water quality with one sample
taken at low flow.

Phase I:
Whether pollution of surface and
subsurface water is occurring, the
probabil ity of future occurrence,
and estimated cost of abatement.

Phase II:
After revegetation has been
established and contributing
suspended solids to streamflow or
runoffoutside the premit area is not
excess ofthe requirements set by
UCA 40-10-170 of the Act and by
R645-301-75 L

Phase III:
Until reclamation requirements of
the Act and the permit are fullv met.

Comments Springs and seeps should be
measured from source at hish
and low flow periods.

During the year preceding re-
permitting. Springs, one water
quality sample at low flow for
baseline parameters. Other
sites, one sample for baseline
parameler.



Table 7-12 Ground Water Sampling

Baseline Monitorine Operational Monitoring Post-mining Monitoring
Iype of Sampling site Springs, In-Mine Flows,

Boreholes, Observation
Wells.

Springs, In-Mine Flows, Boreholes
Observation Wells.

Springs, Observation Wells,
Mine discharge points.

Field Measurement and
Parameters (Table 7 .l-7)

Water levels and/or flow and
water quality

Water levels and/or flow and water
quality

Water levels and/or flow and
water quality

Sample Frequency Each site Quarterlv Adequate to
describe seasonal variation.

Quarterly samples springs and wellr Ouarterly based on potential
impact or once per annum

(spring sampling at low flow).

Monthly recommended for
more accurate description of
seasonal variation

In-mine flows > 5 gpm atinitial
intercepti q4-quartcrly aftef_lSl3g
days until diminished.

From sumps and/or mine discharge
points quarterly or as required by
UPDES.

Sampling Duration T+Fee Two years (Prior to
mining in the area).

Every year until two years after
surface reclamation activities have
ceased. Site will be monitored 4
times a vear.

Until termination of bonding

Type of Data Collected and
Reported

Wells and Boreholes: Water
quality, water level or flow
logs, collar elevation; ground
elevations; screened interval:
formation where completed ;
depth.

Wells and boreholes: Field water
quality and Water level or flow

Wells and Boreholes: Water
quality, water level or flow.

Springs: Flow and water quality
with one iron & manganese
sample taken at low flow.

Springs: Flow, water quahty
with one sample taken at low
flow.

Springs: Water quality,
location, and flow.

Phase I: Whether pollution of
surface and subsurface water is
occurring, the probability of
future occurrence, and estimatec
cost of abatement.

Phase II: After revegetation has
been established and
contributing suspended solids to
streamflow or runoffoutside the
permit area is not excess of the
requirements set by UCA 40-10.
17fi) of the Act and by R645-
301-751.

Phase III: Until reclamation
requirements of the Act and the
permit are fully met.

Comments Springs and seeps should be
measured from source at high
and low flowperiods.

During the year preceding re-
permitting. Spring, one water
quahty sample at low flow for
ffi expanded parameters.
Other sites, one sample forbaseline
expanded parameters.
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Table 7-13 Ground Water Quality Parameter List

Operation, Post Mining Baseline Expanded
Field Measurements:

Parameter

Water Levels or Flow
pH

Specific Conductivity (pmhos/cm)

Temperature ("C)

(Major, minor ions and trace elements are to be analyzed in dissolved form only.)

* _
* _
* _
* _

Laboratory Measurements: (mg/L)

:t

*.
Total Dissolved Solids
Total Hardness (as CaCO3)

Aluminum (Al)

Carbonate (CO:)

Cation-Anion Balance
Boron (B)

Bicarbonate (HCO3)

Cadmium (Cd)

Calcium (Ca)

Chloride (Cl)

Copper (Cu)

Iron (Fe)
Lead (Pb)

Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)

Nitrogen, Ammonia (NH:)

Nitrite (NOz)

Nitrate (NO:)

Potassium (K)

Phosphate (PO+)

Selenium (Se)
Sodium (Na)

Specifi c Conductivity (pmhos/cm)

Sulfate (SOo)

Zinc (Zn)

(Total and Dissolved)

(Total and Dissolved)

a

a

a

Sampling Period:

*

f

Baseline
Operation, Post-mining
Expanded List acquired in the year preceding renewal

Quarterly for sites SBC-9A and SBC-4
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Site ID Description
SBC-1 Underground Seep
SBC-2 Portal Well
SBC-6 COP Development Spring

ln Mine
Sources
SBC-7 Sump #1
SBC-8 Sump #2
SBC-9 Sump #3
SBC-I0 Sump #4

SBC-ll Hiawatha Seam lstNorth
SBC-13 lst Pil lared Section
SBC-23 Bear Creek Landslide Spring

Wells
DH-1A 2nd W. Monitor Well
DH-z 3rd W. Monitor Well
DH-3 lst E. Monitor Well
DH-4 3rd W. Bleeder Monitor Well
MW-116 Gentry Mtn Monitor Well

Table 7-15 Past Monitorins Sites

Status
Dried up early 1988, and monitoring was discontinued.
Dry from 1987. Caved in, lost (2) quarters and relocation in 1991
Dried up in 7987, with no flow through 2000. Monitoring discontinued in
2000

Dried up and discontinued in 2000
Dried up and discontinued in 2000
Abandoned in 1999 due to retreat mining and replaced by SBC-13
Flow first measured Dec. 1991. Monitoring initiated Jan.1992. In July,
1995, retreat mining progressed past this sump, making it inaccessible.
Monitoring was discontinued in August 1995. Flows from this area have
subsequently flowed through the pillared area and out of the Ist East
pillared section.

Abandoned in January 2003
Abandoned in April 2002 due to retreat mining and replaced by SBC-9A
Abandoned in 2010 due to limited flow from landslide

Abandoned in 2001 due to retreat mining
Abandoned in 1999 due to retreat mining
Abandoned in 1993 due to retreat mining
Abandoned in 1999 due to retreat mining
The side caved in and the well was lost
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SD-H-1. SDH-2. SDH-3. These three monitoring wells were installed in 1995 from the surface

(Plate 7-4). These wells are completed in the Spring Canyon tongue of the Star Point Sandstone,

with SDH-1 and SDH-2 located to monitor the potentiometric surface in conjunction with the

DH wells discussed previously. SDI{-3 was installed West of the Blind Canyon fault (western

boundary of the permit area) in order to observe the relationship of the Spring Canyon aquifer on

each side of the fault. Completion diagrams of these wells are included in Appendix 7-A. The

initial baseline data is included in Appendix f,N., Based on these baseline levels, a potentiometric

surface for the Spring Canyon aquifer was developed. This is shown in Appendix Jij., Figure

13b, and on Plate 7.1-2.

In 1996, SDH-1 well plugged and was lost while attempting to unplug the well. SDH-2

and SDH-3 are monitored for water levels as shown in Table 7-r4.

I\4W-114" l\4w-i 16. MW-I17. These three wells were drilled in 1991 by Cyprus/Plateau, and

are located North of the Wild Horse Ridge expansion area. All three wells are located East of

the Bear Canyon fault. h'tW-l l4 is located immediately North of and adjacent to the permit area.

These wells were also completed in the Spring Canyon member of the Starpoint Sandstone.

Baseline water levels for these wells are included in Appendix JN, an4 well completion

diagrams are included in Appendix 7-A. Water age dating and chemical information will be

collected from these wells to verify that the hydrologic patterns in the Wild Horse Ridge areaare

consistent with the patterns discussed in the PHC which have been found in the existing permit

area. This information will also be collected from any new wells installed within or adjacent to

the Wild Horse Ridge area.
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Table 7-16 Surface Water Sampling

Baseline Moni

Surface Water Bodies Surface Water Bodies

Parameters (Table
Performed during water

level/fl ow measurements.

Performed during

water level/flow

measurements.

Performed during water

level/flow

measurements.

ample Frequency Quarterly for lakes,

reservoirs and

impoundments (water

level and quality);

monthly flow

measurements and

quarterly water quality

measurements (one

lmple at low flow and

igh flow each) for

perennial streams.

Monthly flow and water

quality measurements

during period offlow for

intermittent streams.

Sampling for ephemeral

streams determined at

gn conference.

Quarterly for lakes,

reservoirs and

impoundments (water

level and quality);

mon*hlf4ffi

measur#

quarterly flow and

semi-annual water

quality measurements

(one WQ sample at

low flow and high

flow each) for

perennial streams.

$lenthly Quarterly
flow and water quali

measurements during

period offlow for

intermittent and

eplen+er+s+reams
d€temine4t+pre.
d€sign-

per annum for

perennial streams (high

low flow); two per

rainfall for

intermittent streams.

mpling Duration
year ofdata befoe

submission of PAP)

Every year until two
years after surface
reclamation activities

ination of bonding.

ype of Data Collected and/or water levels

Flow and/or water

levels and water

Flow and/or water

levels and water qualif

per operational

ll field measurements

ld be performed
urrently with water

level/fl ow measurements,

All field
measurements should

concurrently with
water leveVflow
measurements.

All field measurements
should be performed

itional Comments For every fifth year
preceding re-
permitting, one
sample at low flow
and high flow each

ld be taken for

ineSfpanded-
water quality
parameters.
The construction
monitoring prgram
will be conducted on
a site-specific basis in
addition to the
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Field Measurements:
{<

i(

Laboratory Measurements: (mg/L)

+

*
{.

x _ n

Sampling Period:
- Baseline
x Operation, Post-mining
# Construction
^ Expanded List

* _
* _
:r

Table 7-17 Surface Water Quality Parameter List

Water Levels or Flow
pH
Specific Conductivity (pmhos/cm)
Temperature ("C)

(Major, minor ions and trace elements are tobe analyzed in dissolved form only.)

Total Settleable Solids
Total Suspended Solids
Total Dissolved Solids
Total Hardness (as CaCO3)

Aluminum (Al)

Arsenic (As)
Boron (B)

Carbonate (CO:)

Bicarbonate (HCO3)

Cadmium (Cd)
Calcium (Ca)
Chloride (Cl)
Copper (Cu)
Iron (Fe) (Total and Dissolved)
Lead (Pb)
Magnesium (Mg)
Manganese (Mn) (Total and Dissolved)
Molybdenum (Mo)

Nitrogen, Ammonia (NlL)

Nitrite (NOz)

Nitrate (NO:)

Potassium (K)

Phosphate (PO+)

Selenium (Se)
Sodium (Na)
Specific Conductivity (pmhos/cm)

Sulfate (SOt

Zinc (Zn\
Oil and Grease (if visible sheen)
Cation-Anion Balance

# *
# *

*
-t
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the Star Point Sandstone (See Appendix ?-N), rather than one single aquifer within the Star Point

sandstone and B lackhawk formation.

A detailed hydrogeologic evaluation of the Star Point aquifers is included in Appendix 7-

N. General observations concerning the groundwater hydrology and geology of the permit area

and surrounding areas are presented in Apperrdix 7-N.

Existing Groundwater Resources

Groundwater occurs under both unconfined and confined conditions in the permit area.

The unconfined conditions occur as local perched zones within bedrock and as saturated zones in

shallow alluvial deposits along the main drainage bottoms and in the surficial soil mantle, and

are expressed as local seeps. Confined conditions occur at depth and are either fault controlled,

with the faults serving as channels and/or barriers to groundwater flow, or controlled by an

aquifer being overlain by an impermeable layer.

Data obtained from our investigations encountered perched water within the lower

portion of the Blackhawk formation. Mine roof seeps, however, do not exhibit seasonal

variation or response to precipitation and consist of persistent, relatively unvarying seeps or

infiltrations. The source of these seeps is apparently from larger, overlying perched zones,

exposed sufficiently by mining activities to allow slow drainage or possibly areas of joint

systems, sufficiently interconnected to provide a larger source area.
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Drillhole data also indicated that three separate aquifers exist within the Star Point

sandstone tongues. The investigation of these aquifers is presented in Appenclix ?-N.

Fracture-enhanced permeability allows water to pass vertically through strata, which

would normally impede flow. Depending on the extent to which the fractures are interconnected,

vertical groundwater flow can be limited to a short distance, or it can extend to the regional water

table. Joint systems at the surface exhibit enlargement by weathering but, based on observations

within the mine, are expected to be generally closed or possibly non-existent with depth. Only

minor, localized diversion of flow within the mine is expected to take place through the joint or

fracture systems with no significant affect on regional flow patterns. The degree of rock

fracturing in the Bear Canyon seam and overlying mine roof rock is relatively low, based on

visual observations of the rock quality within the mine and general lack of mine roof over-break.

Outcrop examinations indicate the joint systems are not extensively interconnected.

Springs in the area, specifically Big Bear Springs, located next to the southeast corner of

the permit area, are the most significant water resource for the area. Mining activities have not

affected the volume or quality of the flow of these springs for the reasons discussed in the

following paragraph (See Appendix 7-N and Appendix 7-N).

Flows for the two major springs adjacent to the permit are1 Big Bear Spring and Birch

Spring, as well as flows for two additional springs, Little Bear Spring and Tie Fork Spring, have

been included in Appendix 7N-D. Annual plots of the flows are shown in Appendix 7N-E. Plots

of the flow from Big Bear Spring show that peak flows during the period of 1980 through 1986
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occurred about one month later than peak flows at the Huntington gauging station. In the 1987-

1988 water year, the lag period between peaks in the stream and spring discharge is

approximately two months. This increase in lag time is attributed to a combination of lower

precipitation accumulations and shorter snowmelt period (See Appendix 7*N, seetion 2.7 "3).

Because the period of record flows for Birch Spring is limited (Appendix 7-N. section 2.7 .4), a

comparison of flows to Huntington Creek prior to 1990 cannot be made.

Aq uifer Characteristics

Appendix 7-N, Seclion 4.0 discusses the groundwater aquifer characteristics in detail.

Plate 7-4 identifies the locations of springs and water monitoring points within and adjacent to

the Permit Area. A generalized stratigraphic section of the geologic units is shown in Appendix

7-N, Figure 5. Plate 7J-i and 7J-Z show hyrologic cross-sections, which illustrate the projected

potentiometric surfaces within the permit areas.

Field measurements and drill hol e data indicate the regional strike, dip and bedding

thicknesses are quite uniform within the mine permit area. Four drillholes were drilled

immediately North of the permit area and investigated by Savage Energy Services Corporation

(T-1,2 ,4^5) .  Threeaddi t iona ldr i l lho lesweredr i l ledbyCo-Opin thesamearea(SDH-1,2 ,3) .

Three holes were also drilled north of Wild Horse Ridge by Cyprus/Plateau (MW-l 14,116,117).

Lithology and water level information for all of these holes except MW-114 is shown on Plate 7-

q. Projections of bed elevations obtained from this drill hole datawere in close agreement with

the equivalent bed elevations at the site, at a regional dip of approximately two degrees south.
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arca. The initial interception of groundwater, expressed as roof seeps, by the mine workings was

approximately 3-Yz acre fVyr.

In 1989, a significant amount of water was encountered in the 1" North Section of the

Blind Canyon Seam, expressed as roof drips and flowing from roof fractures. Mining eventually

encountered the apparent source of this water, a significant channel sandstone, which traverses

East-West along the North end of the mine. The exact dimensions and configuration of this

channel is unknown. Isotopic dating of the water in this aquifer has indicated the water to be

approxim ately 1,000 years old. It is anticipated that Co-Op will eventually dewater this aquifer.

Surface and groundwater monitoring has indicated no hydraulic connection between this aquifer

and any springs in the permit area. To date, no impacts as a result of this dewatering have been

observed in any of the springs within the permit area. Additional discussion on this channel is

given in Appendix 7-N.

Isotopic dating of Big Bear Springs, as well as chemical analysis, has indicated that the

spring is not hydrologically to the mine water or the channel aquifer. Monitoring of Big Bear

Springs, as well as Birch Spring and the other springs within the permit area will continue in

order to ensure that no impacts due to mining occur. A description of the isotopic and chemical

data of the mine water and springs is shown in Appendix 7-N. In 1998, surface wells SDH-2 and

SDH-3 were sampled for baseline parameters and for isotopic dating. This information is

discussed in Appendix 7-N.
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Hydrologic information from monitor wells MW-l14, I16, and 117 indicate that the

uppennost tongue of the star point sandstone is unsaturated under Wild Horse Ridge. A detailed

discussion of this aquifer is given in Appendir 7-lrJ.

Aquifer Recharge

Snow at the higher elevations provides the greatest source of groundwater recharge.

Deuterium analyses of groundwater in the region indicate that most, if not all, groundwater is

derived from snowmelt (Danielson et. al., 1981). The percentage of water derived from

snowmelt, which recharges the groundwater system versus that which runs off to stream flow is

controlled by the surface relief, the permeability of exposed strata, the depth of snow pack, and

the rate of snowmelt. Published precipitation contours for the area indicate annual precipitation

of 17 to 18 in.lyr for the permit area.

Evapo-transpiration is estimated to be on the order of three to four inches annually

(Danielson, et. al., 1981). Surface runoff, based on a mean site elevation of 8200 ft and on the

generally deeply incised nature of much of the permit area and the predominance of south, east

and west-facing slopes, is estimated to be l1 to 12 in.lyr. These values correspond to estimates

by others for the general area (Intermountain Consultants, 1977).

Up to three inches average annual precipitation is thus available for recharge for the

1140-acre permit area, resulting in an equivalent2S5-acre ftlyr. The large proportion of outcrop

versus total surface area of most of the permit area makes outcrop areas and drainage channel
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alluvium the principal recharge sources, with the soil mantle becoming increasingly important in

the north part of the area.

Additional discussion on groundwater recharge is given in Appendix 7-t{ and 7-}.1,

section 2.4.2.

Aquifer Water Quality

Results of baseline water sample analyses for the Bear Canyon fee area are presented in

I'ables 7 .1, 7 .2 and 7.3. The chemical characteristics of the ground and surface water in the

permit area are quite uniform with the exception of higher suspended solids content in the

surface water. It is noted that sulfate contents are lower in the Bear Springs samples while

surface water (Bear Creek), in contact with an appreciable section of the Star Point Sandstone in

its lower reaches, is relatively high in sulfate. Previous studies (Danielsen, et. al., 1981) indicate

water derived from the Star Point aquifer is higher in sulfate than the overlying units. This is

additional indication that the Bear Springs supply is not the Star Point-Blackhawk aquifer.

Baseline water quality data for the springs in and around Wild Horse Ridge and Federal

Lease U-024316 are presented in Appendix 7-M. The majority of the springs identified flow

from faults and joints in the North Horn and Price River formation. The chemical characteristics

of these springs are similar to the other springs within the permit areas. Spring WHR-6 (SBC-

l4), which issues from the Star Point Sandstone (Spring Canyon Tongue), displays sample
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results for TDS consistently over 1500 mg/I. This is similar to the quality observed in Well

SBC-3, and is typical of water quality from the Star Point Sandstone.

Appendix 7-h4 includes some water quality information for the McCadden Hollow

springs around Lease IJ-024316 for 1991 and 1992 and information from springs in the

Mohrland Area. A 2010 evaluation of the monitoring plan resulted in long-term data summaries

found in Appendix 7-N. Water quality information is also summarized in Appendix 7*N, the

PHC document.
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Effects of Mining on Surface Water

The operation of Bear Canyon Mine by C. W. Mining is expected to have only a very

minimal effect on surface water on the area. The quality of Bear Creek before passing through

the mine plan area is poor. Generally, &s the excess mine water is discharged into Bear Creek;

the surface water quality is improved significantly after passing through the mine site. The

potential impacts to surface waters are discussed in Appendix 7-N, section 9.1.2. The greatest

potential impact of mining operations is probably an increase in sediment loading to Bear Creek.

Controls and diversion structures have been constructed to prevent sediment-laden water from

disturbed area from mixing with local surface water, to minimize the mining impacts on the

receiving stream waters.

724.300 Geologic Information

Geologic information for use in determining the probable hydrologic consequence of

mining operations upon the quality and quantity of surface and ground water, whether

reclamation can be accomplished, and whether the proposed operations have been designed to

prevent material damage to the hydrologic balance outside the permit area is discussed in detail

in Chapter 6 Ceolagy (R645-301-621) and under numerous headings in this chapter.
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No alternate water source is needed since we do not expect to impact any current water

sources as explained in R6,15-301-72,4.100 and R645-301-724.2**.

R645-301 -728 Probable Hydrologic Consequence Determination

See Appendix 7-N.

R645-301-729 Cumulative Hydrologic Impact Assessment

See Appendix 7-L.

R645-301-730 Operation Plan

R645-301-731General Requirements
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731.100 Hydrologic Balance Protection

Effects of Mining on Groundwater Balance

Mining operations in the permit area will be confined to the coal bearing strata within the

basal part of the Blackhawk formation. The coal strata are generally dry throughout most of the

permit area, with the Tank Seam being dry throughout the entire property, and are part of an

undeveloped aquifer system, which consists of a series of generally discontinuous perched water

zones within the Blackhawk formation. Overlying formations are not uniformly saturated. The

Star Point Sandstone is unsaturated in the Southern and Eastern parts of the permit area, and

saturated in all three tongues on the Northwestern end of the permit area. The potential

groundwater impacts are discussed in detail in Appendix 7-N, section 9.0. The potential impacts

can be categorized into two basic sections: 1.) Potential impacts to groundwater quantity and 2.)

Potential impacts to groundwater quality.

Quantity

Mining affects on water quantities consist of interceptions of local perched zones, and the

interception of a larger perched aquifer at the North end of the Blind Canyon Seam workings.

Investigations have shown that this aquifer is not hydraulically connected to Big Bear or Birch

Spring (Appendix 7-N), so dewatering of this aquifer will have no impact on the quantity of

these springs. These waters are collected in sumps within the mine and either diverted for

culinary water and dust control or it is discharged into Bear Creek. Groundwater surveys are

conducted and submitted annually to the Division. Groundwater is also removed as moisture

7-45 8/24tr0



within the coal itself. As discussed in the PHC, the estimated volume of water removed in this

manner is 22 acre-feet per year.

The affects of subsidence in the permitarea, on regional or local groundwater flow, are

expected to be minor and of short duration. Localized diversions or interceptions of short

duration only are expected due to the plastic flow of shaley units and to both development and

tightening of existing fractures which occur due to unbalanced compressive-tensile forces

associated with subsidence. The reclamation plan proposes to control post-mining subsidence

which is expected to be a maximum of 5.5 feet assuming all three seams are mined, with no

subsidence to occur in a varying 100 to 200 ft wide corridor from outcrop areas and permit

boundary areas, as well as under escarpments.

In the portion of Federal Lease U-024316 to be permitted, mining will take place in the

Tank Seam only, which will limit any subsidence to a maximum of 1.9 feet. In the event mining

reaches far enough North to mine at an elevation below Bear Creek, an adequate barrier will be

left to completely prevent any impact on Bear Creek. This barrier is shown on Plate 5-3 and

described in Appendix 5-C.

Quali{v

The potential impacts to water quality include contamination of water due to rock dust

usage, abandoned equipment, the usage of hydrocarbons, and contamination from road salting.

These potential water quality impacts are discussed in detail in Appendix 7-N, Section 9.0 (Pl{C)

and Appendix 7-P.
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Rock dust which is used for the suppression of coal dust may potentially impact the

groundwater flowing through the mine by the dissolution of the rock dust constituents into the

water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has

been known to result in high TDS concentrations; therefore Co-Op has implemented the use of

limestone rock dust. Mine water discharged into Bear Creek is monitored for TDS, as well as

the in-mine water monitoring wells. to ensure increased concentrations do not result for the

minins activities.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used on-site for the

mining equipment. Spillage of these materials could potentially contaminate the groundwater in

the permit area. Section 9.0 of the PHC (Appendix 7*N) discusses in detail the program, which

C. W. Mining has implemented to prevent contamination of the groundwater from these sources.

Road salting is also discussed. Abandoned equipment is discussed in Appendix 7-Q.

Mitigation and Control Plans

No treatment of groundwater occuffence or other control measures in the present mine

have been required. Interference of the groundwater regime has consisted of interception of

local perched zones within the Blackhawk formation, with the significant portion of the flow

coming from a sandstone channel located at the North end of the Blind Canyon Seam workings.

No treatment of groundwater occuffence or other control measures have been required or

are expected to be required for the permit area. See the discussion on potential impacts in

Appendix 7-N.
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At this time, groundwater monitoring has shown no impact on the groundwater supply

(depletion), quality or other interference to occur in or adjacent to the permit area. No

groundwater rights have been affected to date or are expected to be affected by mining in the

permit area. Groundwater monitoring will continue to ensure no impacts do occur.

As discussed in Appendix 7-N, secrticn f-i, hydrocarbons in the form of oil and fuel are

stored at the mine site. A spill prevention control and counter measures plan is maintained

onsite-outlining controls to prevent and mitigate any hydrocarbon spills. Within six months of

the implementation of the Wild Horse Ridge facilities construction, this plan will be updated to

reflect the controls for the new facilities.

731.200 Water Monitoring

731.210 GroundwaterMonitoringPlan

Monitoring activities are designed to determine water levels, discharge and water quality

fluctuations in relevant aquifers or groundwater occulrences in the mine area. Data is collected

from mine sumps, from monitoring wells within the mine, observation wells on the surface, and

springs. The objectives are to identiff potential impacts during and after mining and, provide

continuing data on the areas aquifer characteristics and groundwater occuffences. A

recommended water-monitoring program is found in Appendix 7-N, section 10.0, but is

superceded by' Tables 7-12 through 7-17.
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Springs below the mine will be sampled to determine discharge and water quality

parameters and their possible variation with time. These springs include SBC-I4, Big Bear

Springs. COP Development Springs, an<J Birch Springs (Plate 7-4). Periodic checks will be

made of the mine area to determine any impact not currently expressed at the surface. This data

will be used to estimate seasonal fluctuations, aquifer recharge and consistent long-term changes

and to ensure that no impacts occur. Springs above the mine will be monitored for field

parameters, since the potential for impact to these springs is quantity rather than quality. SBC-9A

and SBC-4 will be monitored for lead quality.

Groundwater monitoring will follow the ground water sampling guidelines as shown in

Table 7-12 using the water quality parameter list in Table 7-13. New significant occuffences

within the present permit area will be promptly included in the sampling program, as specified

by state requirements. Operational ground water monitoring will continue through reclamation

to Bond Release.

The sampling matrix for each of the existing monitoring stations during the operational

phase of mining is included in Table 7-14. No baseline data is available for SBC-17, but will be

collected in 2000 and 2001, prior to mining occurring within the vicinity of this spring. Baseline

samples will be collected for SBC- I 4, SBC- I 5, SBC- 1 6, MW- I 14 and MW- 117 in 2001 .
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Temporary Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonperrnanent fashion by installing PVC surface casing with a

threaded cap for access.

Annual Report. An Annual Report evaluating all data collected for the year will be submitted to

DOGM as required. The report will include notification of sites projected for re-initiation of

monitoring based on the projected mine plan over the next 12 months. Sampling will begin at

least 6 months prior to projected impacts from undermining.

Quarterly Data Submission. All water monitoring data will be submitted to DOGM on a

quarterly basis within 90 days or less of quarterly sampling collection.

DH-lA, DH-z. DH-3. Three observation wells, DH-lA, DH-?, l)H-3, were installed in 1992

(Plate 7-4). These wells are for the collection of piezometric surface and water quality data from

the Spring Canyon tongue of the Star Point Sandstone, and are located such as to determine the

extent or occulrence of groundwater within the depths of potential impact of the mining activities

on the groundwater regime. Construction and Development of these wells are discussed in

Appendix 7-1.1. In 1993 DI{-3 was abandoned and was replaced by S}-l-4, shown on Plate ?-4.

Groundwater encountered in these wells will be sampled as specified above along with

the other locations and used to correlate with the water quality data from Bear Springs, COP

Development Springs, Huntington Spring, and Birch Springs to provide a check on estimates of

groundwater contamination. These springs were selected since their flow is the sole use of

groundwater to be possibly affected by mining activities in the permit area. Discussion of initial

data gathered in 1992 from the wells are found in Appendix ?-N.
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Table 7-12 Ground Water Sampling

Baseline Monitorins Operational Monitoring Post-minins Monitorins
fype of Sampling site Springs, In-Mine Flows,

Boreholes, Observation
Wells.

Springs, In-Mine Flows,
Boreholes. Observation Wells.

Springs, Observation Wells,
Mine discharge points.

ield Measurement and
arameters (Table 7 .I-7)

Water levels and/or flow and
water quality

Water levels and/or flow and watet

quality

Water levels and/or flow and

water quality

Sample Frequency Each site Ouarterly Adequate to
describe seasonal variation.

Quarterly samples springs and
wells

Ouarterly based on potential
impact or once per annum

(spring sampling at low flow).

Monthly recommended for
more accurate description of
seasonal variation

In-mine flows > 5 gpm at initial
intercention. quarterly after lst 30
days until diminished-

From sumps and/or mine discharge
points quarterly or as required by
UPDES.

Sampling Duration Two years (Prior to mining
in the area).

Every year until two years after
surface reclamation activities have
ceased. Site will be monitored 4
times a year.

Until termination of bonding

fype of Data Collected and
leported

Wells and Boreholes: Water
qualigr, water level or flow
logs, collar elevation; grounl

elevations; screened interval
formation where completed;
depth.

Wells and boreholes: Field water
qualrty and Water level or flow

Wells and Boreholes: Water
quality, water level or flow.

Springs: Flow and water quality
with one iron & manganese sample
taken at low flow.

Springs: Flow, water quality
with one sample taken at low
flow.

Springs: Water quahS',
location, and flow.

Phase I: Whether pollution of
surface and subsurface water is
occurring, the probability of
future occurrence, and
estimated cost of abatement.

Phase II: After revegetation has
been established and
contributing suspended solids tc
sffeamflow or runoffoutside tht
permit area is not excess of the
requirements set by UCA 40-10
17O of the Act and by R645-
301-7s 1.

Phase III : Until reclamation
requirements of the Act and the
permit are fully met.

-omments Springs and seeps should be
measured from source at
high and low flow periods.

During the year preceding re-
permitting. Spring, one water
quality sample at low flow for
expanded parameters. Other sites,
one sample for expanded
parameters.
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Table 7-13 Ground Water Quality Parameter List

Operation, Post Mining Baseline Expanded Parameter
Field Measurements:

* - Water Levels or Flow
* - p H
:s - Specific Conductivity (pmhos/cm)
{< - Temperature ('C)

Laboratory Measurements: (mg/L) (Major, minor ions and trace elements are to be analyzed in dissolved form only.)

A Total Dissolved Solids
A Total Hardness (as CaCO3)

Aluminum (Al)

Carbonate (COr)
A Cation-Anion Balance
A Boron (B)
A Bicarbonate (HCO3)

Cadmium (Cd)
A Calcium (Ca)
A Chloride (Cl)

Copper (Cu)
A Iron (Fe) (Total and Dissolved)

Lead (Pb)
n Magnesium (Mg)
n Manganese (Mn) (Total and Dissolved)

Molybdenum (Mo)

Nitrogen, Ammonia (NHr)

Nitrite (NOr)

Nitrate (NO:)

Potassium (K)

Phosphate (PO+)
A Selenium (Se)
n Sodium (Na)
n Specific Conductivity (pmhosicm)
n Sulfate (SO+)

Zinc (Zn)

Sampling Period:
- Baseline
* Operation, Post-mining
^ Expanded List acquired in the year preceding renewal

t Quarterly for sites SBC-9A and SBC-4
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Table 7-14 Water Monitorine Matrix:

Lrcation Stot*l Jm Feb Mar Mal .Iuc .Iulv Aug' Sepl Oct Nov Dec

BC-I Upper Bear Creek)

BC-2 Lower Bear Creek) Actrvl

BC-3 Lower Rt Fork Bear Creek) Activr orEr ots

BC4 Upper Rt Fork Bear Creek) Actrvt

cK-1 iUpper Cedar Creek) Actrrr opcr

cK-2 Lower Cedar Creek) Actrvl

MH-I (Lower McCadden Hollow Creek) Inactive - Iniliate if mining in Le* l.

46481 or U{J24l16
field hcld field

MH-2 (Upper McCadden Hollow Creek) Inactirc - Initiate if mining ir Law L

46481 or 1J424316
l l e ld held tield

FC-l (Lower Left Fork Fish Creek) Acbvr held held tield

FC-2 (l,ower Right Fork Fish Creek)' lnactr\e; imtiate whq mining T l6J

R8E Sos 20 or li
field field field

FC-3 (Right Fork Fish Creek Property Line/ lnactive: iniliate whm mining T16l

R8E Ses l7 or 1l
field lield iield

FC.4 Upper Rrght Fork Fish Creekf Inachve: Inltraae whq mming Tl6i

R S E S e s T u l l
held field held

FC-5 Mud Spring)7 Inactire, initiale rvhm mining Tl6i

R8E Ss'
held' tield iield

FC-6 Upper Left Fork Fish Creek) Irucaive: initiat€ Ptq mining Tl6i

R8E Sss 18. 19 or 2(
held' field field

FC-7 Water Right Upper Left Fork Fish Creek) Irncli\e: initiate who mining Tl6)

R8E Sqs 18. l9or2(

h e l d field field

FC-8 Water Right Upper Left Fork Fish Creek) Irnctive: initiate rfiq mining TI6)

R8E Sos 18. l9 or 2(
field' field field

Sonnss

sBc-4 Big Bear Springs)a Actr v oPer oPer oPer op9r.

SBC-5 Birch Spring)" Activr o[Er otFr. oper oper.

SBC-9a Ihawatha Seam) Activr oper oper. oper oper

SBC-I2 l6 -7-13- l ) lnactive; initiate whm mining begm i
Mohrlsnr

Ireld lield held

SBC-I4 (wHR-6) ActIvt orpr. oPer. oper.

SBC-I5 (wHR-5) Act!\ lield tield tield

sBc-r6 (wHR-4)6'? Actrvr Ireld t'reld freld

S B C I 6 A Achlr lreld freld held

SBC.I68 Activ, Ireld field freld

sBc-r7 t6-7-244) oper o[Er. oper oper.

sBc- I I wHR-2) lnactire : initiate when active mining

Mire f4 or Mohrlmd am is within 50(
I r e l d held lield

SBC-20 l6-8-184) Inacti\e: Inrtrate whm actirr mnug

Mire #4 or Molrlmd arq is within 50
lreld field held

sBc-21 r6-8-r8- r) Inacti\e: mitiate when actrw minin5
Mine #4 or Mohrlod ara is rithin fut

held field field

sBc-22 Stockwater Trough) lnactive: initiate phm aotive mining

Mine #4 is within 50(
held' field field

SCC-I l 6-8-20-t ) Inactive: initiate whm active miniryt i

Mine #4 or Molnlmd aro is within 5{X
field' field field

scc-2 I 6-8- I 8-5)l Iructile: initiate wh@ actire minirg i

Mire #4 or Molrland am is within 5fr
field field held

SCC-3
'Mohrland 

Portal) Aclrx field' field held

scc-5 r 6-8-7-3 ) Imcti!€; initiate stfl actiw mining i

Mohrland m is within 500 fe
Ireld field field

SMFI-1 lBC-6) Inactire - Initiate if mining in Lar t

46481 or U4243 l6
l reld tield lield

SMH.2 FBC-s) lnactive - hitiate if mining in lare

46481 or U42431
field field freld

SMH.3
'FBC-13) - lrutlate if mning in Ltrtr

46481 or U{2431
field held field

SMH-4 FBC-4) Irncti\e - hitiate if mining in Leaw I

46481 orU{24316
fietd lield field

SMH.5 Stockwater Trough) ; - Initrate if portal aresing L
61048 ard U61049 is orened

field field field

Wells

SBC-3 Creek Well) Actin

SDH-2
'Well 

Sec. l l, T165, R7E) - Initiate if mining in Lare

46481 or U42431
level' level lfl€l

SDH-3 'Well 
Sec. 10, T165. R7E) Inactive - Initiate if mining in Law

46481 orU4243l

Iryel level

M W - l 1 4
'Well 

Sec. 18, Tl65, R8E) Agt!€ levett level level

MW-l1? .Welt Sec. 12, Tl65, R8E) level5 level

I . Sw Tablo 7- I 3 and 7- I 7 for listing of water qtulity monitoring panreten.

2. oper. = operatioml ba*. = bawline

3 . Expsnded List pmretes taken in Augut of yw 5 prior to each pemit reremt .

4. SBC-4 md SBC-5 shall alm be tested for oil md grem

5 . l-int umple to be hken in May or Jme, whm Gmtry Momtain is acmsible.

6. A omnt will be made regarding the level of the pond feding the sging.

7 . Weklv monitoring !o begin one month Inor to mining in re and mntinue mtil one truth afts

Monthly monitoring will thm be done for m additiml six mnths.
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Wells
DH-IA
DH-z
DH-3
DH-4
M W - l 1 6

Site ID Description
SBC-I Underground Seep
SBC-2 Portal Well
SBC-6 COP Development Spring

In Mine
Sources
SBC-7 Sump #1
SBC-8 Sump #2
SBC-9 Sump #3
SBC- l0 Sump #4

SBC-ll Hiawatha Seam lstNorth
SBC-13 lst Pillared Section
SBC-23 Bear Creek Landslide Spring

Table 7-15 Past Monitorins Sites

Status
Dried up early 1988, and monitoring was cliscontinued.
Dry from 1987. Caved in, lost (2) quarters and relocation in 1991

Dried up in 1987, with no flow through 2000. Monitoring discontinued in
2000

Dried up and discontinued in 2000
Dried up and discontinued in 2000
Abandoned in 1999 due to retreat mining and replaced by SBC-13
Flow first measured Dec. 1991. Monitoring initiated Jan.1992. In July,
1995, retreat mining progressed past this sump, making it inaccessible.
Monitoring was discontinued in August 1995. Flows from this area have

subsequently flowed through the pillared area and out of the lst East
pillared section.

Abandoned in January 2003
Abandoned in April 2002 due to retreat mining andreplaced by SBC-9A

Abandoned in 2010 due to limited flow from landslide

Abandoned in 2001 due to retreat mining
Abandoned in 1999 due to retreat mining
Abandoned in 1993 due to retreat mining
Abandoned in 1999 due to retreat mining
The side caved in and the well was lost

2nd W. Monitor Well
3rd W. Monitor Well
l st E. Monitor Well
3rd W. Bleeder Monitor Well
Gentry Mtn Monitor Well
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$Dt-i-l.,.SDH-2. SDH-3. These three monitoring wells were installed in 1995 from the surface

(Plate 7-4). These wells are completed in the Spring Canyon tongue of the Star Point Sandstone,

with SDH- I and SDH-2 located to monitor the potentiometric surface in conjunction with the

DH wells discussed previously. SDH-3 was installed West of the Blind Canyon fault (western

boundary of the permit area) in order to observe the relationship of the Spring Canyon aquifer on

each side of the fault. Completion diagrams of these wells are included in AppendixT-A. The

initial baseline data is included in Appendix 7N. Based on these baseline levels, a potentiometric

surface for the Spring Canyon aquifer was developed. This is shown in Appendix 7-1.1, Figure

l3b, and on Plate 7J-2.

ln 1996, SDH-1 well plugged and was lost while attempting to unplug the well. SDH-2

and SDH-3 are monitored forwater levels as shown in T'able 7-14.

MW-l I4. MW-l 16, NdW-117. These three wells were drilled in 1991 by Cyprus/Plateau, and

are located North of the Wild Horse Ridge expansion area. All three wells are located East of

the Bear Canyon fault. MW-l l4 is located immediately North of and adjacentto the permit area.

These wells were also completed in the Spring Canyon member of the Starpoint Sandstone.

Baseline water levels for these wells are included in Appendix 7N, and well completion

diagrams are included in Appendix 7-A. Water age dating and chemical information will be

collected from these wells to veriff that the hydrologic patterns in the Wild Horse Ridge area are

consistent with the patterns discussed in the PHC which have been found in the existing permit

area. This information will also be collected from any new wells installed within or adjacent to

the Wild Horse Ridge area.
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Baseline Monitorins Operational Monitorinl Post-minine Monitoring

Iype of Sampline Site Surface Water Bodies Surface Water Bodies Surface Water Bodies

Field Measurements and
Parameters (Table 7.1-
7)

Performed during water
level/fl ow measurements.

Performed dunng
water level/flow
measurements.

Performed during water
level/fl ow measurements

Sample Frequency Quarterly for lakes,
reservoirs and
impoundments (water level
and quality); monthly flow
measurements and
quarterly water quality
measurements (one sample
at low flow and high flow
each) for perennial streams.
Monthly flow and water
quality measurements
during period of flow for
intermittent streams.
Sampling for ephemeral
streams determined at pre-
design conference.

Quarterly for lakes,
reservoirs and
impoundments (water

level and quality);
quarterly flow and
semi-annual water
quality measurements
(one WQ sample at
low flow and high flov
each) for perennial

streams. Quarterly
flow and water quality

measurements during
period of flow for
intermittent and
streams.

Two per annum for
perennial streams (high

& low flow); two per

annum during snowmelt
and rainfall for
intermittent streams.

Sampling Duration Three years (one complete
year of data befoe
submission of PAP).

Every year until two
years after surface
reclamation activities
have ceased.

Every year until
term ination of bonding.

Iype of Data Collected
md Reported

Flow and/or water levels
and water qualiw

Flow and/or water
levels and water
quality

Flow and/or water levels

and water quality per

operational Darameters.

0omments All field measurements
should be performed
concurrently with water
level/fl ow measurements.

A1l field measurements
should be performed

concurrently with

water level/flow
measurements.

All field measurements
should be performed

concurrently with water

level/fl ow measurements

Additional Comments For every fifth year
preceding re-
permitting, one sample
at low flow and high
flow each should be
taken fr expanded
water quality
parameters.
The construction
monitoring prgram will
be conducted on a site-
specific basis in
addition to the
operational monitoring

Table 7-16 Surface Water Sampling
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Field Measurements:
rF

:f

*
*

Laboratory Measurements : (mg/L)

{<

*
*

Sampling Period:
- Baseline
* Operation, Post-mining
# Construction
^ Expanded List

1+tr

J1
t+

Table 7-17 Surface Water Quality Parameter List

Water Levels or Flow
pH

Specifi c Conductivity (pmhos/cm)

Temperature ('C)

(Major, minor ions and trace elements are to be analyzed in dissolved form onll

Total Settleable Solids
Total Suspended Solids
Total Dissolved Solids

Total Hardness (as CaCO3)

Aluminum (Al)

Arsenic (As)

Boron (B)

Carbonate (COr)

Bicarbonate (HCO3)

Cadmium (Cd)

Calcium (Ca)

Chloride (Cl)

Copper (Cu)

Iron (Fe) (Total and Dissolved)

Lead (Pb)

Magnesium (Mg)

Manganese (Mn) (Total and Dissolved)

Molybdenum (Mo)

Niffogen, Ammonia (NHr)

Nitrite (NOr)

Nitrate (NOr)

Potassium (K)

Phosphate (PO+)

Selenium (Se)

Sodium (Na)

Specifi c Conductivity (pmhosicm)

Sulfate (SOo)

Zinc (Zn)

Oil and Grease (if visible sheen)
Cation-Anion Balance
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Appendix 7J

2010 Ch aractertzation of Groundwater and
Surface W ater Monitoring



C.'\ry. Mining engaged Norwest Corporation in 2010 to evaluate the water

monitoring performed at the siteo and to seek justification to reduce the monitoring.

Table I documents the objective of each monitoring site, recommends a revised

status, and provides the rationale for the change in status. Table 2 is a statistical

analysis of water quality parameters by sampling location typeo i.e. stream, spring,

or well. Table 3 is a statistical analysis of water quality parameters by water quality

parameters.



Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID Location Site Obiective Status Rationale

Stream

BC-1 (Upper Bear Creek) UpS of Portal
Disturbance

Retain Control for Bear Ck

BC-2 (Lower Bear Creek) DS of Portal
Disturbance

Retain Below Existing Portal
Disturbance

BC-3 (Lower Rt Fork Bear Creek)DS of Mine 3&4
Portal Disturbance

Retain Below Existing Portal

Disturbance
BC-4 (Upper Rt Fork Bear Creek)UpS of Mine 3&4

Portal Disturbance
Retain Control for Rt Fork of Bear

CK
CK-I (Upper Cedar Creek) UpS of Mohrland

Portal
Retain Control for Cedar Ck above

SCC-3 which is discharging

CK-z (Lower Cedar Creek) DS of Mohrland
Portal

Retain Below SCC-3 which is

dischareine
MH-1 (Lower McCadden Hollow ( DS of Leases U-

46481 or U-024316
@HiawaIha Spg

Inactive - Initiate if mining in

Lease U-46481 or U -024316
No mining in area; initiate

when mining Tl6N R7E

Secs I1 .12 or  14
MH-2 (Upper McCadden Hollow ( UpS of Leases U-

46481 or U-024316
@Bear Cyn Fault

lnactive - Initiate if mining in

Lease U-4648 I or U-024316

No mining in area; initiate
when mining T16N R7E

Secs I1 .12 or  14
FC-I (Lower Left Fork Fish CreekDS of Mines 3&4 in

T16N R8E Secs 20 or
t 7

Retain Mining upstream

FC-2 (Lower Right Fork Fish Cret DS of Mines 3&4 in
T16N R8E Secs 20 or
T 7

Inactive; initiate when mining

Tl6N R8E Secs 20 or 17
No mining in area.

FC-3 (Right Fork Fish Creek PropDS of Mines 3&4 in
T16N R8E Secs 17 or
l 8

Inactive; initiate when mining

Tl6N R8E Secs 17 or  l8

No mining in area.

FC-4 (Upper Right Fork Fish CrerUpS of Mines 3&4 in
T16N R8E Secs l7 or
t 8

Inactive; initiate when mining

T16N R8E Secs 7 or 18
No mining in area.

FC-5 (Mud Spring)' UpS of Mines 3&4 in
Tl6N R8E Secs 17 or
1 8

Inactive; initiate when mining

Tl6N R8E Sec 7

No mining in area.

FC-6 (Upper Left Fork Fish CreekControl UpS of Mines
3&4 in Tl6N R8E
Secs 18 or 19

Inactive; initiate when mining

Tl6N R8E Secs 18, 19 or 20

No mining in area.

FC-7 (Water Right Upper Left For Overlying Lease U-
6r048

lnactive; initiate when mining

T16N R8E Secs 18" 19 or 20
Water right of record

FC.8 (Water Right Upper Left For Overlying Lease U-
61049

Inactive; initiate when mining

Tl6N R8E Secs 18" l9 or 20
Water right of record

Springs

SBC-4 (Big Bear Springs)" Water right SW of
Mines | &.2 in Bear
Ck below portals

Retain Water right of record

SBC-5 (Birch Spring)a Water right SW of
Mines | &2 above
Huntington Ck SW of
Mines |  &2

Retain Water rieht of record



Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID Location Site Obiective Status Rationale

Springs

SBC-9a(Hiawatha Seam) Spring in Bear Ck
portal area

Retain In disturbed area

SBC-12(r 6-7-r 3-l ) Source Spring at head
of Bear Creek

Inactive; initiate when mining

besins in Mohrland

No mining in area

SBC-14(wHR-6) Wild Horse Ridge
Spring #6 in trib to
Bear Ck Canyon

Retain Immediately downstream of

Mine #3 portal

SBC-15(wHR-5) Wild Horse Ridge
Spring #5 in trib to
Bear Ck Canyon

Retain Overlying or within 600' of

active operations in Mine

#4
SBC- I6(wHR-4)6,7 Wild Horse Ridge

Spring #4 in trib to
Left Fork of Bear Ck
Canyon

Retain Overlying or within 500 ft
of development in Mine #4

SBCI6,{7 Spring on Wild Horse
Ridge in Left Fork of
Bear Ck Canyon

Retain Overlying or within 500 ft
of development in Mine #4

SBC-I68
'1

Spring on Wild Horse
Ridge in Left Fork of
Bear Ck Canvon

Retain Overlying or within 500 ft
of development in Mine #4

SBC- I7(16-7-24-4) Spring by waterfall in
Bear Ck Canvon

Retain Located between Mines

1&2 and Mine 4
SBC-18(wHR-2)? Wild Horse Ridge

Spring #2 in trib to
Left Fork of Bear Ck
Canvon

Inactive; initiate when active
mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-20(16-8-18-4) Upper Left Fk Fish
CK

Inactive; initiate when active
mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-21( l6-8- l 8- r )? Upper Left Fk Fish
CK

Inactive; initiate when active
mining in Mine #4 or
Mohrland area is within 500'

No mining in area

SBC-22(Stockwater Trough) Unnamed trib of Bear
Creek Canyon

Inactive; initiate when active

mining in Mine #4 is within
500'

No mining in area

SBC-23(FBC-12) Bear Creek Landslide
Sprins

Discontinue; little flow

SCC-I (16-8-20-1) Spring in Right Fork
of Fish Ck from
Flagstafi North Horn,
Price Riv. Formation

Inactive; initiate when active

mining in Mine #4 or
Mohrland area is within 500'

No mining in area



Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID Location Site Objective Status Rationale

Springs

SCC-2 ( r  6-8-18-5)? Fish Creek Right Fork
Spring

Inactive; initiate when active

mining in Mine #4 or

Mohrland area is within 500'

No mining in area

SCC-3 (Mohrland Portal) Mohrland Portal
Discharee

Retain Active Discharge

SCC.5 (1 6-8-7-3) Spring in Right Fork
of Fish Ck - Gentry
Mountain Drainage
Sprine

Inactive; initiate when active
mining in Mohrland area is

within 500 feet

No mining in area

SMH-1 (FBC-6) McCadden Hollow,
Left Fork Springs

Inactive - Initiate if mining in

Lease U-46481 or U-024316
No mining in area; initiate

when mining T16N R7E

Secs 11.12 or  14
SMH.2 (FBC-s) McCadden Hollow,

Left Fork Trough
Inactive - Initiate if mining in

Lease U-46481 or U-024316
No mining in area; initiate

when mining Tl6N R7E

Secs 11,12 or  14
SMH-3 (FBC-13) McCadden Hollow,

Left Fork Trough
Inactive - Initiate if mining in

Lease U-46481 or U-42$16
No mining in area; initiate

when mining Tl6N R7E

Secs 11,12 or  14
SMH-4 (FBC-4) McCadden Hollow Inactive - Initiate if mining in

Lease U-4648 1 or U-024316
No mining in area; initiate

when mining Tl6N R7E

Secs 11.12 or  14
SMH-5 (Stockwater Trough) Spring in unnamed

tributary above
McCadden Hollow

Inactive - Initiate if portal
accessing U-61048 and U-
61049 is opened.

Portal not constructed

Wells

SBC-3 (Creek Well - Completed in
alluvium and underlying SS
46', Sec 25, Rl6N, R7E)

Right Fork Creek
Well

Retain Active Bear Creek Canyon

Portal Area

SDH-2 (Well - Spg Cyn Member of
Star Point SS, W of Bear
Cyn & Double Fault, 1930'
deep, Sec. 11, Tl65, R7E)

McCadden Ridge
Well

lnactive - Initiate if mining in

Lease U-4648 I or U-024316

No mining in area; initiate

when mining Tl6N R7E

Secs I  I , l2  or  14

SDH-3 (Well - Spg Cyn Member of
Star Point SS, W of Trail
Cyn Fault, 1804'deep, Sec.
IO, T165, R7E)

Trail Ridee Well Inactive - Initiate if mining in

Lease U-46481 or U-024316

No mining in area; initiate

when mining T16N R7E

Secs 11,12 or  14

MW-l 14 (Well - Spg Cyn Member of
Star Point SS, E of Bear
Cyn Fault, 1838' deep, Sec.
18, T165, RgE)

Mohrland Well#14 Retain Spg Cyn Well in Mine #4
Area

M W - I 1 7(Well -Between Blind Cyn
and Hiawatha Coals,
1759.7',  Sec. 12, T165,
R8E)

Mohrland Well #17 Inactive; initiate when active
mining in Mine #4 or
Mohrland area is within 500'

Recent changes in water

levels despite no mining in

Mine #4 or Mohrland area.
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REVISED HYDROGEOLOGIC EVALUATION
OF THE BEAR CANYON MINE PERMIT
AND PROPOSED EXPANSION AREAS

1.0 INTRODUCTION

1.1 Scope

This report is an evaluation of the potential for operations at the Co-Op Mining

Company Bear Canyon Mine to affect water quality and quantity at Birch and Big Bear

Springs. The report also addresses revisions to the Bear Canyon permit area to allow

incorporation of new Federal Coal leases U-024316 and V-O24318, and the potential impacts

that the lease expansions may have on the springs. This document is intended to supersede

a previously-issued hydrogeologic evaluation report (EarthFax Engineering, 1991), which is

herein updated and supplemented with additional hydrogeologic and water-quality data.

The work performed for this evafuation included:

1) A review of technical literature frorn the United States Geological Survey and

the Utah Division of Water Resources, and permits on file with the Utah

Division of Oil, Gas, and Mining.

2l Visits to the mine site to evaluate springs, collect historical spring flow data,

tour accessible underground workings to evaluate groundwater inflow, and

conduct preliminary water quality assessments (pH, temperature, and

conductivity) of all accessible water sources.

3) A search of surface water and groundwater rights recorded with the Utah

Division of Water Rights for the mine permit area and adjacent sections.

1 -1 Rovbrd l-31-15
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Discussions with Co-Op Mining representatives concerning historic groundwater

inflows to the mine and the general operational history of the Bear Canyon

rnine.

Analysis of monthty precipitation, stream flow, spring flow, and geochemical

data derived from monitoring stations in the vicinity of the Bear Canyon Mine.

6l Incremental drilling and aquifer testing of three borings from the mine floor to

the Mancos Shale, and completion of the borings as monitoring wells.

7l Installation of dedicated purging and sampling systems in the monitoring wells,

and collection of groundwater quality sarnples

8) Drilling and installation of in-mine rnonitoring well DH-4 in January, 1994, to

replace well DH-3, which was abandoned in November, 1993.

This report is divided into six sections, including this introduction. Section 2.O is a

description of area hydrogeology, Section 3.0 is a description of monitoring well installation

and groundwater sarnpling, and aquifer testing is summarized in Section 4.O. Conclusions and

recommendations are presented in Section 5.0, and references are contained in Section 5.0.

1,2 Background Information

The Bear Canyon Mine is located near the eastern margin of the Wasatch Plateau Coal

Field in Bear Creek Canyon, a tributary to Huntington Creek Canyon (Figure 1-1). The mine

is located approximately 9.5 rniles west of Huntington, Utah.

Coal mining in the region of the study arca began in the early 19OO's. Mining

operations have been or are presently being conducted by U.S. Fuel at Hiawatha, by Plateau

Resources at Wattis, and by Co-Op Mining Company in the Trail Canyon and the Bear Creek

4l

5)

1-2 Rrvbod l-31-gF
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Canyon. All of these operations have intersected the faults with which Big Bear and Birch

Springs are associated, although the Co-Op Mining Company Trail Canyon and Bear Canyon

operations are closest to the springs. The Trail Canyon Mine discontinued operations in fate

1982 and has since been sealed; operations have been continuous at the Bear Canyon Mine

s ince 1982.

1-4 Ferrirrd 1-31-35
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2 .1

2.0 HYDROGEOLOGY

Climate

The Bear Canyon Mine permit and adjacent area (referenced herein as the study area)

are located near the eastern margin of the Wasatch Plateau. Elevations within the study area

range from approximately 6,500 to over 9,000 feet above sea level. This elevation range

results in a significant variation in average annual precipitation amounts. At the higher

elevations of the Wasatch Plateau, the average annual precipitation exceeds 40 inches.

. Precipitation data has been collected at the Bear Canyon Mine since August 14, 1991 .

Because the period of Bear Canyon Mine precipitation records is short and because the data

is collected at only one location, data from five surrounding precipitation recording stations

were averaged to provide a more representative estimate of precipitation across the study

area. The stations used in the averages ar€ the NOAA weather stations at Hiawatha and

Electric Lake and the SCS SNOWTEL stations at Stuart Ranger Station, Red Pine Ridge, and

Cottonwood-Mammoth (Figure 2-l). The Bear Canyon Mine data, monthly precipitation data

from each of the five stations and monthly five-station precipitation averages are presented

in Appendix A.

2.2 Geology ;

2.2.1 General. Table 2-1 is a summary of stratigraphic relationships of the geologic

units in the study area. The stratigraphic sequence of the lower Cretaceous-to-lower Tertiary

section in the area suggests a regressive trend, from marine (Mancos Shale), through littoral

and lagoonal (Blackhawk and Star Point Formations interbedded silt/mudstone and sandstonel,

to fluvial (Castlegate Sandstone, Price River Formation, and North Horn Formation sandstones

and conglomerates), and lacustrine (Flagstaff Limestone) deposition.

2-1 Rsircd f-31-tE
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Table 2-1

Stratigraphie relationships, thicknesses, Iithologies, and water.bearing characteristics
of geologic units in the upper drainages of Huntington and Cottonwood

Creeks (adapted from Stokes, L964)

0

Syrtrm Serier
Formations
and memberr

Thickness
(feetl Lithofogy and water.bearing characteristio

Ourtarnny
Holocane and

Pleistocene

0-r00 Alluvium and col luvium; clay. si l t ,  3and.
gravel, and boulders; yields water to
springs that may cease to flow in late
sumlner.

Tertiary
Eocene end

Paleooonr
Flagrtaff

Limestone

| 0-300 Light-gray, dense, cheny, lacustrine lime-
stone with some interbedded thin gray
and greengray shale; light-red or pink cal-
careous siltstone at base in some places;
yields water to springs in upland areas.
{See table 9.)

Pafeocene Norfi Hom
Formation.

800r Variegnted shale and mudstone with inter-
beds of tan.to{ray sanditone; all of
f luvial and lacustr ine origin; yields water
to springs. (See table g.)

Cretaceour Upper

Cretaceout

Price Rivcr
Formation

600-700 Gray-to.brown, fine-to-coarse, and con.
glomeratic fluvial sandstone with thin
beds of gray shale; yields water to springs
local ly.

Cartlcgata
Sandrtone

150-250 Tan-to-brown fluvial sandstone and con-
glomerate; forrns cliffs in most exposures;
yields water to springs tocally.

Blackhawk

Formation

600-700 Tan-togray discontinuous sandstone and
gray carbonaceous shales with coal beds;
al l  of marginal marine and paludal origin;
locally scour-and-fifl deposits of fluvial
sandstone within less permeable sedi-
ments; yields w€ter to springs and coaf
mines, mainly where fractured or jointed.

Star Point

Sandrtone

350450 Light-gray, white. massive, and thin-bedded
sandstone, grading downward from a
massive cliff-forming unit at the top to
thin interbedded sandstone and shale at
the base; al l  of marginal marine and
marine origin; yields water to springs and
mines where fractured and jointed.

Masuk Member

ltianeor Shale

600-800 Darkaray marine shale with thin, discon-
tinuous layers of gray limestone and
sandstone; yields water to springs locally.

ErrthFrx
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Plate 1 depicts surface outcrops and geologic structures within the study arca.

Regionally, the strata in the study arca dip to the south and southeast at an angle of two to

three degrees (Brown, et al., 1 9871; this dip direction was confirmed by the stratigraphy

observed during in-mine drilling conducted for this study, although dip angles determined from

in-mine dri l l ing ranged from O.44to 1.47 degrees. As shown on Plate 1, the Bear Canyon and

Trail Canyon Mines are located in a complex graben bounded by the Pleasant Valley Fault (on

the west) and the Bear Canyon Fault (on the east). Vertical displacements on both faults are

approximately 100-150 feet. Brown, et al. (1987) describe a shattered zone within the

graben, approximately two miles north of the current northernmost extent of the Bear Canyon

Mine. In the portion of the graben within the permit area, only rninor faulting (vertical

displacements of 2O feet or less) has been identified, with the exception of the Blind Canyon

fauf t (Plate 1 ), which is estimated to have approximately 22O feet of vertical displacement

(down to the west) in the vicinity of the Bear Canyon Mine tCo-Op Mining Company, 1990a).

The major coal-bearing unit of the Wasatch Plateau Coal Field is the Blackhawk

Formation. ln the Bear Canyon mine, coal is rernoved from three seams within the Blackhawk

Formation: the Tank and Blind Canyon seams (300 and 100 feet, respectively, above the

Blackhawk/Star Point contact, and the Hiawatha seam, which thins and (in placesl pinches

out, and lies in direct contact with the Star Point Sandstone (Co-Op Mining Company, 1 990a).

2.2.2 Stratioraohv of In:Mine Drillholes. Descriptive logging and aquifer testing was

conducted in four in-mine drillholes installed as part of this study. During the investigation,

it was revealed that the Star Point Sandstone beneath the permit arca is comprised of three

separate sandstone units (in descending order: the Spring Canyon, Storrs, and Panther

Tonguesl interbedded with two mudstone units (inferred to be tongues of the Blue Gate

member of the Mancos Shafel. In this report, the mudstone tongue between the Spring

Canyon and Storrs is terrned the Mancos No. 1 mudstone, and that between the Storrs and

the Panther is termed the Mancos No. 2 mudstone. A sirnilar intertonguing of Blue Gate shale

with the three Star Point sandstone units has been documented in the area of the Scofield

2-4 Rcvbrd 1-31-95
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S.W. and Scofield S.E. quadrangles, immediately north of the study area (Doell ing ,19721.

Characteristics of the threo Star Point Sandstone aquifers are sumrnarized in Section 2.5, and

stratigraphic logs ara contained in Appendix G.

2.3 Surface Wbt"t

2.3.1 Hydrolooy. Most of the study area is drained by two canyons, Trail Canyon (on

the west) and Bear Canyon {on the east). Several smaller canyons drain the rernaining

southeast portion of Bear Canyon permit area. The Trail Canyon and Bear Canyon drainages

contain intermittent streams, while the small drainages in the southeast portion of the permit

area contain ephemeral streams. These streams discharge to Huntington Creek, the rnajor

drainage in the area.

The tributary streams primarily flow dwing th€ snowmolt period. F om 65 to 80 
a

potcont of th6 annual discharge at th€ Huntington Creek gauging station (located near tfie -

Utah Power End Light diversion for th6 Deer Creek Powsr Plant) occurs during the snowm€lt
period from April through July (Danielson. et al., 19811, Flow records for the period from

1981 through 1 983 and 1985 w6re obtained from Utah Power & Lioht. Data for the 1984 -

1 985 water year are not available. Flow records for 1996 through September, 1 991 were

obtained from the U.S.G.S. Wat6r Resources Division. Stream flow data ars summarized in

Appendix B.

2.3.2 Surfaco Water Oualiw. Danielson, et al, (19811 conducted surface water

sampling of flows from s€l6ct6d streams in th6 study area. The waterS sampled at ths

Huntingtoncr6okgaugingstat ionwerepredominant|Yaca|cium.bicarbonatowate]tYpo'

Waters sampled from the tributaries of Huntington Creek were predominantly a calcium-,

magnesium-bicarbonate water type. During poriods of low flow, the concentrations of gulfat€

in the tributari€s w€re up to tsn times greater than in Huntington Creek itself (Daniolson, 6t
a l . ,  19811.

2-5 tuvird l€l.16
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Stroam wat€r monitoring points BC-l (Upper Bear Creekt and BC-2 (Lower Bear Creekl

wore monitored for stream flow six and seven times, raspectively, during the period from

February through Novembsr, 1 990 and averagg flow rates ar€ presont€d in Table 2-2. During
1990 average flow rates increasad by 12 gpm fiom BC-l to BC-2. Water samples wor€

coll€cted from both BC-l and BC-2 three and four tim€s, resp€ctivoly, during 1990 (Co-Op

Mining Company, 1990b) and averages of thos€ data are pres€nted in Table 2-2, These

averag€s were examined using a Stud€nt's t-test to test th6 hypothesis that the differences
between the mean values for BC-l and the mean values for BC-2 are insignificant. The t-test
for diff€renc€ in means is defined by the following formula:

1=  Xr -Xz

where

' f  
* l

Nr N2

o-
N.1 sf + Nzsrz
NW

numb€r of samples from the two populations,
the means of the two populations,
the standard deviations of the two populations.

lf the absolute calcufated t value is less than the table t value, the differenco in the m€ans of

the two data sets is considered insignificant (Spiegel, 1961). Table 2-3 presents the results

of the statistical analysis. According to the Student's t-test, the m€ans of the 1990

parameters for BC-l and BC-2 displayed in Table 2-2 are not significantly different. Thus, the

data suggest that there is no significant difference between the surface water collected

upstream from the mine at BC-l and the surface water collected downstream from the mine

at BC-2.

Prior to 1991, all water inflows to the mine were used in mining operations, and no

discharge was made to the surface. fncreased mine water inflow as developrnent continued

to the north made it necessary to begin discharging to Bear Creek in I 99 1 . During 1 991 ,

discharge rates increased from 60 gpm to 194 gpm (Co-Op Mining Company, 1991). Mine

water discharge in 1 992 has typically been 3OO gpm (Co-Op Mining Cornpany, 1992a1.

2-6 Rabrd l-31-e6
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TABLE 2-2

Comparison of 1990 and 1991 Surface Water Mort'todng
Resdts for BC-l and BC-2

t

BC-1 BC-2

1 990 1 991 1 990 1  991

Average Flow Rate (gpm) 32 27 44 100

Average oH 8 .1 8.0 8 .2 8 .0

Average Specific
Conductance (mmhos)

1 392 971 1 170 837

Average TSS (rnsfll 1770 623 17 12 342

Average TDS (ms/l) 1 361 783 1 066 793

Average Fe (mgfl) 4 .1 26.3 3.8 4.0

Average Oil & Grease
(msfl)

<5 <5 60 <5

2-7 i.r|.d l-31-eE



Appendix 7-N
Revised Hydrogeologic Evaluation

April 26, 1993

Co-Op Mining Company
Bear Canyon Mine

a

oo|
or
F

({'
I

o
E
E
c

c t o
I F

A t .
:-. oq E
J
N L

=o
= 9
F l , o

o
h
t,
ra-
o
6
+,-
3g'
o
E

, - - a -
I F I F F

(oc0r0
o ro )o )
I F T F F

t t l- - -
o o o
CD C'' CD
o o @
o. ct cL
a 6 a
Y Y Y

o q N
\o lg
e e N

i l i l t l
. A A A

o o o- - -.ct .Er lt
o o o
t t + . + a
Y Y Y

i | . , y l | '

th
.g
+,
o
+J
o
+J
a
Ito
?

5
Eo
ct

t\
1,J

c
o
.g
=
c,
CD
o

oz oz o
z o

z
oz oz

oz

C'
6
(t

+.

3
or
g)

c;

a

K}(\{
F

g
t\
{.
o

5(\|
q
o

a
t\
c!
o

!

F
o
o

o

b
u)
ct

b o)u?
F

(\

tf
!-

ct
t
G'
ot

oo
!-

(v)

o
*
F

o)
t
lo

o({

c{
I

(J
m

E5
o '5 :
P.E
EE( ' }o N(\

@
F

o
.\|
|\
F

GI
o)
t(\

dt
F
G'
!F

ro
r't

o
N
rF

c
o
o +

$
crl
@

o
F
,F

(l
tF

F
F

(o
(o
o q

fit
o(o

F
I

C)
o

"66 ' E
P.s
EE
u lo

F
rF

oq
o

rf
rF

t|-

IF

@
F
C-l

(\|
o)
1.)
rF

q
lo

oq
o

c
o
o
E N

co
l-

t

o

(\|
g)
OD
F

o
F
F
!F

rF-

(o
(Y)
'F

!F

t
tft
V

L
@.|.,
o
E
o
L.
6o-

E
cI
CD

o
+,
o
E

3
.9
tr.

I
o

o(t
c
o*,(,
f

!t
c
0
(,
o o
i t o
o =
O E
o . t r
( , t 9

c,rg
a
a
F

CIg
o
o
F

CT
E
o

ll-

cIg
o
o
o
(D

(J

d

6
? 4 6

2-8

o



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
Revised Hydrogeologic Evaluation

April 26, 1993

During the period from May through October 1991, Bear Creek stream flow was

measured seven times. Average stream flow increased from Upper Bear Creek (BC-1) to

Lower Bear Creek (BC-2) by 73 gprn (Table 2-41, due to discharge frorn the Bear Canyon Mine.

Surface water samples were collected quarterly from both BC-l and BC-2. Utilizing the

Student's t-test defined above, the 1 991 data suggest that the one significant difference

between the surface water collected at BC-1 and at BC-2 is the increase in flow rate due to

mine watsr discharge frorn the NPDES discharge point ffable 2-41.

Flow rates above the mine water discharge, sp€cific conductance, TSS, and TDS

concentrations generally decreased from 1990 to 1991. Total precipitation measured at Red

Pine Ridge and Mammoth-Cottonwood also decreased from 26.20 and 223A inches,

respectively in 1 990, to 1g.2O and 6.OO inches respectively, in 1 991 hppendix Al. The

decrease in precipitation caused a decrease in both runoff and recharge to springs. In turn,

the erosion of sediments due to runoff decreased and likely caused the decrease in chemical

and sediment concentrations. During November 1 990 and February 1 991 , chemical

concentrations in both BC-1 and BC-2 increased to several times the concentrations detected

throughout the balance of each respective year. The fact that this increase occurs both

upstream and downstream of the mine suggests that it is not related to mining activities.

The mine water discharge typically has a pH of 7.9 and a specific conductance of 546

rnmhos. The TDS and TSS concentrations average 371 and 1 3 mg/|, respectively. lron

concentrations are typically 0.1 1 mg/l and oil and grease are usually less than detection.

These concentrations are generally less than the corresponding concentrations at both the

upp€r and lower Bear Creek monitoring stations {Co-Op Mining Compsoy, 1991}. Thus, it is

unlikely that the rnine water discharge decreases the quatity of water in Bear Creek.

Mine water collected in sumps in the mine is discharged to Bear Creek, and is

monitored according to guidelines in NPDES Permit number UTGO40000. During the months

of January and March, 1992, TDS concentrations measured at the NPDES discharge point

exceeded the maximurn allowable concentration of 2,OOO lbs./day. This increase was

2-9 Fevird t-31-96
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attributed to localized sulfur-bearing minerals in the rnine's 3rd West section and the use of

gypsum rockdust inthe mine (Co-Op Mining Company, 1992a), which began in 1991 (Co-Op

Mining Company, 1992b). This problem was corrected by using lirne dust in the active

sections of the mine. The 3rd West section is not presently active. Should mining resume

in 3rd West, discharge from that part of the mine will be restricted (Co-Op Mining Company,

1992a) .

2.4 Groundwater

. The groundwater system in the study area has been investigated by Danielson, et al.
(1981 ), Co-Op Mining Company (1 9861, and Montgomery (1 ggl l. The recharge, movement,

and discharge of water within the groundwater system is dependent on climatic and geologic

conditions in the study area. Although groundwater occurs in all of the geologic units listed
in Table 2'1 , none of the units are saturated everywhere (Danielson, et al., 1981).

Co-Op Mining Company
Bear Canyon Mine

2,4.1 Occurrence of Groundwater,

identified as having a combination of perched

area, perched zones exist in the North Horn,
Blackhawk Formations.

Appendix 7-N
Revised Hydrogeologic Evaluation

April 26, 1993

The formations in the study area have been

and regional water tables. In rnost of the study
Price River, Castlegate Sandstone and upper

Although a regional aquifer (termed the Star Point-Blackhawk Aquifer by Danielson, et

al., 1 981 l has been proposed for the area, in-mine drilling and aquifer testing conducted for

this study indicate that the three aquifers within the Star Point Sandstone have individual

static water levels. Further, in the southernmost hole (DH-3) none of the three aquifers are
fuffy saturated (Figure 2-21. The fact that the Star Point aquifers are separate and
hydraulically distinct (a single water table does not transect the stratigraphic units as proposed

by Danielson, et al. l ggl ) suggests that the "regional" aquifer in the study area is actually
located below the star Point/Mancos shale contact.

2-11 Fcvild t€l'r6
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2.4.2 Recharge. Snow at the higher elevations provides the greatest source of

groundwater recharge. Deuterium analyses of groundwater in the region indicate that most,

i f  notal l ,groundwater isder ivedfromsnowmelt(Danielsonetal . ,  1981).  Thepercentageof

water derived from snowrnelt which recharges the groundwater systern versus that which

runs off to stream flow is controlled by the surface relief, the permeability of exposed strata,

the depth of snowpack, and the rate of snowrnelt. The highest recharge occurs in areas of

low surface relief and on formations which have high permeability from fractures and/or

solution openings.

. In the study area, the criteria which encourage recharge from snowrnelt are typical of

the areas of exposed North Horn and upper Price River Formations. The main recharge area

to the groundwater system in the aroa of the Bear Canyon Mine is expected to be the

shattered zone identified by Brown, et al. (19871 in Section 1,2, and the north half of Section

1 1 , in Township 1 6 South, Range 7 East (Plat€ 1). An additional arsa of recharge could also

be expected in the southern half of Section 1 1 and the northern half of Section 14, due to tho

surface exposure of North Horn Forrnation (Plate 1 ), however, this area is not as highly

fractured as the area to the north.

Outcrops within the permit area include the Price River Formation, Castlegate

Sandstone, Blackhawk Formation, Star Point Sandstone, and the Mancos Shale. Daniefson,

et al. ( I 98 1 ) indicate that recharge to the Blackhawk-Star Point aquifer f rom direct infiltration

of snowmelt to formations which outcrop below the North Horn Formation is small in

comparison to recharge through low relief surfaces on the North Horn Formation. In the study

area,low-relief exposures of formations below the North Horn Formation and above the coal

outcrops is limited due to the steepness of the canyons. Therefore, the potential for recharge

through these forrnations to the regional groundwater system within the permit area is limited.

Co-Op Mining Company has conducted spring and seep surveys of the permit and

adjacent area and has identified three springs and two seeps which occur above the coal

seam. These water sources are located in the northern part of the permit and adjacent area.

2-13 inb.d l-31-96
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As shown on thewaterrights map {Figure z-gl,nogroundwater rights are found on the ridge

overlying the Bear Canyon Mine. The only groundwater sources identified in the southern
portion of the permit and adjacent area are Big Bear Spring and Birch Spring. These springs

are located approximately 5OO feet below the Blind Canyon seam mine floor, and issue from

the contact between the Panther Tongue of the Star Point Sandstone and the Mancos Shale.

The limited number of springs which occur in areas which overlie the mine is further indication

that only limited recharge occurs in the Bear Canyon permit area.
(

2.4.3 Movement. The movement of groundwater in the study area is strongly

controlled by faults and the dip of strata. Most of the water movement in the study area is

through fractures, faults, and partings between the beds (Danielson, et al., 1981). According

to Danielson, et al. (1981), a portion of the snowmelt recharge water is discharged close to

the original recharge source, where the downward movement of water is impeded by

impermeable beds of shale or mudstone. lf lateral movement occurs close to the canyon

edge, this moVement continues until the land surface is encountered and discharge occurs

as a perched spring. lf the movement occurs on the interior of the mountain, the lateral

movsment continues until other vertically permeable lithologies or zones of fracturing are

encountered.

Fracture-enhanced penneability allows water to pass vertically through strata which

would normally impede flow. Depending on the extent to which the f ractures are

interconnected, vertical groundwater flow can be limited to a short distance, or it can extend

to the regional water table (see Figure 2-41. Lines (1985) indicated that tor the

hydrogeologically similar area of Trail Mountain (south of the study area), despite a thick

sectbn of very low-permeability rock, some hydraulic connection exists between the perched

aquifers and the proposed regional aquifer; such transfer occurs as downward unsaturated

flow from perched aquifers to the regional aquifer along the fractures and faults.

2-14 RGYbd l-3t-05
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2.4.4 Discharge. Groundwater naturally discharges through springs, seeps, and by

evapotranspiration. Some discharge from the groundwater system in the mine area may occur

either by flow in the faults and fractures out of the Huntington Creek drainage or as

subsurface flow to alluvial fill in the canyons, although such flow cannot be quantified. The

major source of quantifiabfe discharge is springs. Within the area of the mine, two major

springs have been identified: Big Bear Spring and Birch Spring. Two additional nearby springs

(Tie Fork and Little Bear) have been identified outside the Bear Canyon Mine perrnit area. The

focations of the springs are shown on Figure 2-5.

. Big Bear Spring (maintained by the Castle Valley Special Services District) discharg€s

frorn three prominent joints. Birch Spring (maintained by the North Ernery Water Users

Associationl discharges from a normal fault which has approximately 20 feet of vertical

displacement. Both springs issue from the lowest sandstone unit of the Star Point Sandstone
(the Panther Tongue). where the Mancos Shale servss as a barrisr to downward movement

of groundwater (Montgomery, 1 gg l ). Tie Fork is not a true spring, but two flowing

geophysical boreholes which have been developed by the Castle Valley Special Services

District. Little Bear Spring issues from faults, and also is maintained by the Castle Valley

Special Services District. Flow records for these springs have been obtained from the water

companies and are presented in Appendix D. Big Bear Spring has an 12-year period of record

(1981 to present), Birch Spring has a 4-vear period of record (1989 to present), Tie Fork has

an 9-year period of record (1984to the present), and Little Bear Spring has an 1l-year period

of record (1982 to the present).

2.4.5 Inflow to Mine. According to Wendell Owen, the Bear Canyon Mine had water

inflow to the old abandoned workings prior to the start of operations by Co-Op Mining

Company in 1982. During the development of the East Bleeder entries (Plate 7-10A), water

was encountered in two small faults subsidiary to the Bear Canyon Fault. Within a short time

of this interception, the inflow to the abandoned workings ceased. The rate of inflow to the

East Bleeders during development was approxirnately that which previously had flowed to the

abandoned workings.

2-17 R.vh.d l-t1-86
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Inflow to the East Bleeders continued until the summer of 1989, when water was

encountered as the North Main entries were advanced northward. According to Wendell

Owen, inflow to the East Bleeders gradually dirninished and flow into the North Mains was

approximately 110 gpm. As the North Main entries were advanced, former zones of inflow

several crosscuts back from the working face would drain, and the inflow rate would diminish

and eventually cease. This observed coordination between upgradient inflow interception and

downgradient inflow cessation as mine development advanced northward indicates a high

degree of hydraulic interconnection through fractures in the portion of the Blackhawk

Formation which overlies the min€, and that this fracture system directs flows to the

southeast, along the dip of the beds.

' :

The current maior area of water inflow to the mine is located at the north end of the

North Mains entries (Plate 7-10A). Sumps located in the Second East and North Main entries

in the area of the inflow are used to collect and store this water. A portion of the water from

these sumps is diverted for in-mine use. The remainder of the water is purnped to the surface

and discharged into Bear Creek {such discharges are recorded in the annual reports}. A

portion of the inflow to the area of the North Mains is used for culinary purposes at the mine.

Additional minor inflows to the mine consist of small quantities from diffuse sources

throughout the mine. During the February 1991 underground tour, only one srnall roof dripper

was found with sufficient flow (O.1 gallon per minute) to be sampled. Values of pH,

temperature, and conductivity measured at the time of sampling are presented in Table 2-5.

At the time of the underground tour, Wendell Owen indicated that several of the areas

surveyed had previously been much wetter; however, only limited water inflows were found

during the survey. This pattern is similar to that observed in other mines (e.9., Deer Creek,

Plateau, and others) in the Wasatch Plateau (Danielson et al., 1981). ln areas which do not

intersect faults upon initial mining, moderate water inflows occur from diffuse sourcos

(primarily from roof boltsl. Flows from such sources are generally less than one gallon per

minute. Typically, the roof bolt intersects and provides a drain for a localized perched

2-19 Fcvird l-31-96
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TABLE 2-5

Field Parameter Resdts

Sample

t .D.
pH

(Unitsl
Temperature

('c)
Conductivity
(pmhos/cm)

Big Bear Overflow 6.9 10 .9 460

Seepage Above Big

Bear Spring

8.1 12.4 2000

Roof dripper in 3rd

West Entries

7 .7 14.2 510

2-20 Rovb.d 1-31-8G
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aquifer, often a sandstone lens, which has a limited extent and limited quantity of water in

storage. Once the stored water is drained (typically in one or two months), recharge to the

perched zone is not sufficient to maintain the previous flow, and the inflow is reduced or

ceases entirely.

Inflows in the north ends of the North Main and Second East entries are through roof

bolt holes and hairline fractures which are presumed to drain overlying perched aquifers in the

Blackhawk Formation . An indeterminate amount of water flows upward through the floor

in the area of the Second East entries, and probably originates frorn the Spring Canyon

Tongue aquifer (extrapolation of the Spring Canyon piezornetric surface deterrnined during

testing of three in-mine monitoring wells indicates it would be approximately 1 5 feet above

the rnine floor in the north end of Second East).

Because mine inflow is from numerous and diverse sources, and because

measurements prior to 1992 were not metered, the precision and accuracy of the flow rate

measurements is considered by Co-Op to be insufficient to demonstrate that flow rates

decrease over time when mine advancement is halted. Flow meters were installed in 1992

to allow more accurate and precise measurement of inflows, and continued periodic

monitoring of inflow rates will provide more rsliable data from which more definitive

conclusions regarding the nature of the inflows may be drawn. Based on observations by Co-

Op personnel, however, consistency of inflows in the north ends of the North Main and

Second East entries is related to the rate at which the entries are advanced northward. When

advancement is relatively constant and new fractures are encountered and drained, inflows

are relatively constant. When the entries are not advanced, as the fractures are drained of

their storage the inflow rate decreases (as was evident in 1992).

2.4.6 Lono-Term lmoacts. Springs in the vicinity of the Bear Canyon Mine issue from

joints at the contact between the Panther Tongue and the Mancos Shale. Water inflows to

the rnine through bolt holes and fractures are from perched zones, often of limited storage.

Most of the inflow observed to migrate with northward mine advancement in the North Mains

2-21 Rdb.d l-31-85



Co-Op Mining Company
Bear Canyon Mine

ApPendix 7-N
Revised Hydrogeologic Evaluation

Apri l  26, 1993

and northern Second East areas is presumed to be du€ to the intorception of storsd wator in

fiactures which drain a more laterally continuous perched aquifer. This concept is further

supported by ttre observation that inflows to the Third West Bleedors diminishod and

eventually ceassd as th6 North Mains and Second East entrios we,e advanced northwsrd in

1989.

The absence of springs ard th6 pres€nce of efflorescence on sandstone o{rtcrops in

areas of sospag€ in the downgradient (southern) portions of the permit ar6a suggest! that
groundwater movem€nt potentiat in aquife.s porched above the Boar Canyon s€am is limited.

Additionally, the absence of spring flows from the strata above tha Panther Tongue/Mancos

Shale contact and the prosonce of efflorescence on sandstone outcrops indicates a slow rats

of groundwat€r movement and that most of the groundwatef that reachos th6 outcrop

evaporates on contact with the atmosphere. Furthgr, no drainage through the mino lloor in

areas of known fauhs, or other evidence of hydraulic conn€ction between such perched zones

and th€ springs which issua from tho Panth€. Tongue/Mancos Shale contact has been found.

Thus, dewatering and diversion of inflows such as those discussed in Section 2.4.5 are not

oxp€cted to affect nearby spring water quality or quantity in either tho long- or sho.t-tsrm,

g Potential negative impacts to spring wat6r quality duo to water leaking from the old

workings and flowing ovar mudstones and into th€ spring collection system will not occur,

because pumpirg into the old workings will not occur. To pI€vent inadvort€nt ot accidontsl

discharge into tho old workings, a locked valve has been installed in front of the pressure relief

valve shown on Plats 7-10a.

Aftor mining and associat€d dewatering/diversion operations coas6, the local
piezometric surface will recov€rtoward preoining conditions. Although inflows are expected

to diminish and cease onc€ the perched zonss a.e drained, if inflows continue after mining i3

complotod, th€ abandonod mine will not flood because the strata dip to the south-southeasu

natural flow through th6 subsided ontrios and drainage to the surfaco will p.6vent

accumulation {flooding) in the mine, As shown on maps of Bear (Blind) Canyon Seam
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structure and the 1990 water survey (Plates 6-4 and 7-l}A,respectively, of the M&RP) mine

inflows originating in the northern portions of the current mine and proposed expansion areas

will be conveysd to the surface through the subsided entries and will ultimately discharge

along the eastern limits of the mine, probably from the area of the present fan portal, which

is the f owest-elevation coal outcrop in the lease area (7,44O feetl.

Flooding of the old (pre-Co-Op) abandoned workings in the south end of the lease arsa

and potential consequent irnpacts to water quality or quantity due to surface-flow

contamination of springs 5OO feet downslope from the coal outcrop will not occur; the lowest

floor elevation of the sealed entries which lead into the old workings is 7,494 feet, or 54 feet

above the elevation at the fan portal. Any post-abandonment inflow originating in the

northern portions of the mine will be conveyed to the east, over the mine floor surface, well

north of the old workings. Discharge frorn the fan portal will be conducted via culvert to

channel RC-3 (Plate 7-71, which is designed to accommodate a 1O-year, 6-hour flow at 3.77

cfs(1 ,7A0 gpm).  Theaddi t ionof  ahypothet ica l  1 .11cfs(S00gpmld ischargef romthemine

would not require a change in channel design. Further, a hypothetical 2.22 cfs (1,000 gpm)

discharge would require only that the channel riprap Dso be increased from 9 inches to 1O

inches. Culvert sizing and other design details will be revised prior to mine reclamation, if

required, when quantities and conditions are known. However, tot current mine conditions,

the reclamation plan is adequate to accommodate discharges in excess of those currently

intercepted by the mine.

2.5 Summaries of Star Point Sandstone Aquifers

?.5. 1 Sorino Canvon Tonoue. The Spring Canyon Tongue of the Star Point Sandstone

is 88 feet thick at DH-1A, 103 feet thick at DH-2, 98 feet thick at DH-3, and 9O feet thick

at DH-4. lt is generally light gray with minor dark minerals, but varies from dark gray to

white. The grains range in size from fine to mediurn, and are moderately well sorted,

subangular to subround, and cemented with calcium carbonate. The unit is generally

moderately- to well-indurated. Bedding is variable through the unit, from massive to laminated,
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with muddy zones and partings and locally dense bioturbation. The contact with the overlying

Hiawatha coal seam of the Blackhawk Formation is abrupt; the lower contact with the Mancos

No. 1 mudstone tongue is gradational.

The static water level measured in the Spring Canyon aquifer during drilling and testing

was 3 feet below the top of the unit in DH-1 A,71 feet above the top of the unit in DH-2,25

feet below the top of the unit in DH-3, and 62 feet above the top of the unit in DH-4. Thus,

the Spring Canyon aquifer is confined by the Hiawatha coal searn in the northernmost

dri l lholes (DH-z and DH-4), and unconfined in the remaining two (DH-lA and DH-3).

2.5.2 Storrs Tonoue. The Storrs Tongue is g6 feet thick at DH-1A, 105 feet thick at

DH-2, and 120 feet thick at DH-3 (the Storrs Tongue was not penetrated in DH-41. lt is

generally light gray to dark gray, with minor dark minerals. The grains range in size frorn very

fine to fine, and are moderately well sorted, subangular to subround, and well cernented with

calcium carbonate. The unit is generally well-indurated. Bedding is variable through the unit,

from massive to laminated, with muddy zones and partings and locally dense bioturbation,

particularly in the lower portion of the unit. The contacts with the overlying Mancos No. 1 and

underlying Mancos No. 2 mudstones are gradational. The Storrs Tongue sandstone is

generally finer-grained, more dense, more highly indurated, and less permeable (as

demonstrated by aquifer tests, Section 4.01 than the other two Star Point Sandstone aquifers.

The static water level measured in the Storrs aquifer during drilting and testing was 30

feet above the bottom contact of the confining Mancos No. 1 mudstone in DH-1A, 89 feet

above the bottom of the Mancos No. 1 in DH-2, and 23 feet below the top of the unit in DH-

3. The Storrs is unconfined by the Mancos No. 1 mudstone in only the most southern

dril lhole (DH-3).

2.5.3 PantherTongup. The Panther Tongue is 105 feetthickat DH-lA, 88 feet thick

at DH-2, and 97 feet thick at DH-3. ft is generally light gray with minor dark minerals, but,

like the Spring Canyon and Storrs tongues, varies from dark gray to white. The grains rangs
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in size from fine to coarse, and are poorly to moderately well sorted, round to subround, and
poorly cemented with calcium carbonate. The unit is generally poorly to moderately-well

indurated, and locally friable. Bedding is variable through th€ unit, from massive to laminated,

with muddy partings and local bioturbation. The contact with the overlying Mancos No. 2

mudstone is gradational; the lower contact with the Mancos Shale is abrupt. The Panther

Tongue sandstone is less dense, coarser-grained, less well-cemented, less indurated, and more
permeable than the Spring Canyon and Storrs tongues.

The static water level measured in the Panther aquifer during drilling and testing was

33 feet below the top of the unit in DH-1r4, 103 feet above the top of the unit in DH-2, and
27 teet below the top of the unit in DH-3. The Panther aquifer is confined by the Mancos No.

2 mudstone only in DH-2; unsaturated conditions exist in southern drillholes DH-1A and DH-3.

2.6 Groundwater Ouality

Monitoring stations are sampled four times per year as a part of the Co-Op Coal
Cornpany hydrologic monitoring program (Plate 21. A summary of water-quality analyses for
groundwater samples collected is presented in the Annual Hydrologic Monitoring Report (Co-

Op Mining Company, 1991). Groundwater-quality samples are routinely collected in the
permit and adjacent areas frorn the underground bleeders, monitoring wells, and springs
associated with faults and joints in the Panther Tongue of the Star Point Sandstone.

The general character of the groundwater in the permit and adjacent areas is that of

slightly alkaline calcium-bicarbonate water that contains low concentrations of total dissolved

sof ids (TDS), nutrients, and metals. Field conductivity and pH range from 30O to 842 mg/l

and from 6.1 to 8.1, respectively. TDS istypically 400 mg/|. Historically, acidity is zero and
average alkalinity is 290 mg/|. Sulfate and magnesium concentrations are typically 70 and

40 mg/|, respectively. lron and manganese concentrations are typically 0.3 and 0.1 rng/|,
respectively.
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Figure 2-6 presents a Piper diagram of average analytical results of the sampling events

in 1 991 for six groundwater monitoring points: Birch Spring (SBC-S, eight sarnples), North

Mains (SBC-9, five samples), Ball Park Spring (BP-l , two samples), Big Bear Spring (SBC-4,

eight samples), Co-Op Spring (CS-l , two samples), and Trail Canyon Spring (TS-1 , two

samples). The Piper diagram is divided into three fields: cations, anions, and the cornbined

field. Values are in percent milliequivalents, and are plotted in the anion and cation fields and

projected into a combined field. Spatial relationships that are repeated in all three fields are

indicative of relationships between waters. The spatial relationships among the six waters

differ from field to field. Birch Spring has the least similarity to the other waters. For exarnple,

Birch Spring water plots very close to rnine water in the cation field, but it plots as an outlier

in the anion field and in the combined field. This is due to a higher percentage of sulfate in

Birch Spring water than in the mine water or the other spring wat€r in the ar€a. In fact, the

mine water and BP-l water have the lowest percentages of sulfate of the groundwater

represented in the Piper diagram. Thus, the spatial relationships exhibited in the Piper diagram

suggest that the mine water is of a higher quality than Birch Spring water, Furthermore, the

difference in spatial relationships in the different fields suggests the waters ars not

hydraulically or chemically connected.

Figure 2-7 presents a series of Stiff diagrams which characterize waters from the same

six groundwater monitoring points used in Figure 2-6. The six waters display a similar Stiff

pattern, that of a calcium-bicarbonate water. Additionally, the Stiff patterns indicate that

SBC-9 (North Mains) water has the lowest sulfate concentration (1.18 meq/l) and SBC-S

(Birch Spring) has the highest sulfate concentration l2.62meq/l) of the groundwater sampled.

SBC-4 {Big Bear Spring} water has a sulfate concentration of 1 .36 meq/|. SBC-9 also has the

lowest chloride value of the groundwaters sampled, while SBC-S has the highest chloride

value. This relationship between the sulfate and chloride conc€ntrations does not sugg€st

that the mine water could diminish the quality of the spring water in the area.
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The rnajor portion of water inflow to the mine is used within the rnine or for culinary

purposes by Co-Op Mining Company. According to the Co-Op Bear Canyon Mining and

Reclarnation Plan, the water which flows from Big Bear Spring (also called Huntington

Springland Birch Spring is used by the Huntington community for culinary purposes (Co-Op

Mining Company, 1 985). Water collected in Trail Canyon frorn TS-1 (Traif Canyon Spring) is

also used locally for culinary purposes. CS-1 (Co-Op Spring) was used in the past, but is no

fonger used f or culinary purposos (Co-Op Mining Company, 1992a). :.

Wells in the perrnit and adjacsnt areas are either observation wells owned by Co-Op

Mining, or exploration wells owned by Northwest Energy. Three new monitoring wells (DH-

1A, DH-2, and DH-3, Plate 1) were dri l led within the permit area for this study. DH-1A and

DH-z were drilled in late 1991 and DH-3 was drilled in early 1992. The three wells were

completed in the Spring Canyon Tongue of the Star Point Sandstone, and were developed,

tested, and sarnpled in May, 1992. The results of laboratory analyses of the monitoring well

samples are summarized on Table 2-6, and complete analytical reports are presented in

Appendix H.

In-mine monitoring well DH-4 was completed in the Spring Canyon Tongue in January,

1994 to replace well DH-3. DH-3 was abandoned in Novembet, 1993 because the pillars

were pulled in the 1st East section of the mine. Table 2-7 is a surnmary of minimum,

maximum and mean analytical results for groundwater collected in 1994 from the four in-mine

monitoring wells. Complete analytical reports for 1 994 quarterly in-mine rnonitoring well

samples are in Appendix l.

Figure 2-8 presents Stiff diagrams of major ionic species in groundwater from the in-

mine wslls. Waters from DH-2 and DH-3 have Stiff patterns similar to those of the calcium-

bicarbonate spring water depicted on Figure 2-7. Water from DH-IA has a calcium,

magnesium, sodiurn, potassium-sulfate pattern. This pattern is distinctly different from other

groundwater that has been sampled in the permit and adjacent areas and shows a relatively

elevated sulfate level, which is presumed to be due to the dissolution of locally-occurring
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TABLE 2-6

Stmmary of Laboratory Analytical Rcrdtr
for Groundwater From In-Mine Monitoring Wellt

pected (hyd uid leak on r ig)

ANALYTE (mg/I} DH.1A DH-2 DH.3

Aluminum o.2 < 0 .1 <0 ,1

Arsenic < 0.05 < o.05 < 0.05

Barium 0.071 o.127 o.129

Cadmium < 0.o1 < 0 .01 < o.o1
Calcium 38.9 51  .9 50.9

Chromium 0.025 < o.o1 < 0 .01

Copper < o.o1 < o.o1 < 0 .01

lron 0.so5 o.280 4.220

Lead < 0.o1 o.030 < 0 .01

Maqnesium 20.1 29.5 28.9

Manganese 0.062 0 .1  01 o.232

Mercury < o.ooo5 < o.ooo5 < 0.ooo5
Molybdenum 0.058 o.010 < 0 .01

Nickel < 0.01 < 0.o l < 0.01

Potassium 31.2 1 .5 2 .6

Selenium < 0.0005 < 0.0005 < 0.0005

Sodium 14 .1 8 .8 15.2

Zinc < 0 .01 < 0 .01 < 0 .01

Oil & Grease 2.0(d < 0 .5 <o.5
Oil and Grease exDected (hvdrau ic f l
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t

TABLE 2-6 (Continued)

Summary of Laboratory Analytical Resdts
for Groundwater From In-Mine Monitoring Wells

ANALYTE (msfl) DH.l A DH-2 DH.3

TDS 285 330 339

Hardness as CaCO3 162 321 307

Boron < 0.05 0.064 0.061

Alkalinity as CaCO3 94 285 294

Bicarbonate 110 340 336

Carbonate 2 .3 3.5 11.5

Hydroxide 0 o o
Chloride 4 .9 4.2 4.2

Fluoride a.28 o.18 0 .1  6

Amrnonia < 0.2 0.64 o.22
Nitrate o.42 o.74 < 0.5

Phosphate o.1  29 o.25 o.o27
Sulfate 128 33 38

Sulfide < 0 .1 <  0 .1 <  0 .1

2-32 irvlrrd 1-31-e6
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sulfate salts. Groundwaters sampled from the in-mine wells have a TDS range of 29O to 597

rng/|. Dissolved iron concentrations range from less than 0.20 to 1.40 mg/|.

2.7 Sprlng Flow

Big Bear and Birch Springs were visited on February 18 and 19, 1991, during a site

survey to evaluate the geology of the spring locations and to collect samples of discharge

water, if available. No surface flow occurred at the Birch Spring and the collection system

was locked. At Big Bear Spring, a sample was taken from the spring overflow from the

northernmost joint.

A second sample was taken from soepage flow which occurs on the slope above the

Big Bear Spring. The seepage originates from the cliffs at the contact between the Star Point

Sandstone and Blackhawk Formation, and occurs in two areas approxirnately 1OO yards apart.

Seepage in each area appears to occur directly from the formation contact, along

approximately 100 to 1 50 feet of the outcrop. The flow is difficult to euantify, but it is

concentrated at several bedrock ledges, and was estimated at the time of the site visit to be

approximately 10 gallons per minute. The easternrnost seep occurs at a location that is in

shade most of the day, and considerable accumulations of ice where found at this seep, due

to continual freezing of the discharge. The pH, temperature, and conductivity values for these

samples are presented in Table 2-5.

As indicated on Table 2-5,the electrical conductivity of water within the mine is similar

to that of water from Big Bear Spring. Water from seeps above the spring is considerably

different, with a conductivity approximately four times that of the spring sarnples, presumably

due to the dissof ution of gypsum from rnudstone in the arca from which the seeps issue.

Monthly flows from the Big B€ar, Birch, and Little Bear springs and the Tie Fork wells

were analyzed. Little Bear Spring and the Tie Fork wells were included in the analysis because

of their long periods of record and their proxirnity to the mine permit area. The spring flows
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were compared to five-station average monthly precipitation (see Appendix Al and stream

flow for Huntington Creek gauging station above the Deer Creek Diversion (see Appendix Bl

plotted against time. These three plots were combined in a single graph to allow a direct

comparison. For readability, the graph durations were limited to one yeat per sheet for each

spring analyzed (an example is presented in Figure 2-91. All graphs are presented in Appendix

E.

2.7.1 Little Bear $oring. Plots of flow from Little Bear Spring for the period of 1982

through 1985 show that the peak spring flows occur one month behind the peak stream flow

in Huntington Creek. In 1986, the peaks occur in the same month, possibly indicating an

early snowmelt. ln 1987, the peak from Little Bear Spring was delayed by two months.

In the period from 1988 through 1990, no significant spring peak flow is evident.

There was a gradual rise in the flow in the fall of 1988 and a gradual decline in early 1989.

During 1991, peak spring flow occurred one month behind peak stream flow.

2.7.2 Tie Fork Wells. Flows from the Tie Fork wells show no ssasonal variation,

except for a period from July through November, 1 988. By December, 1988 flows had

returned to approximately the previous level and flows through 1991 have been essentially

constant. This flow fluctuation corresponds to the flow increase in the Little Bear Spring,

though the fluctuation of Little Bear was over a longer period.

2.7.3 Big Bear Sodng. Plots of flow from Big Bear Spring show that peak flows during

the period of 1980 through 1986 occurred about one month later than peak flows at the

Huntington gauging station (above the Deer Creek Mine access roadl. In the 1987-1988

water year, the lag period between peaks in the stream and spring discharge is approximately

two months. This increase in lag time is due to a combination of lower precipitation

accumulations 128.4 inches average annual precipitation 1980-1986 versus 19.75 inches

1987-1990, see Appendix A) and shorter snowmelt period.
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Year-by-year comparisons of the flow recessions at Big Bear Spring for the years 1980

through 1986 show very similar patterns; the slope line of the spring flow decline and the

base flow level for the spring are gen€rally the same from year to year. This indicates that

the snowmelt recharge is greater than the volume r€quired to recharge the groundwater

system storage, and that excess water is being discharged frorn the system as peak flows

through the spring. lt also suggests that no outside influence (i.e., miningl affected the
groundwater system.

For the period from 1988 to 1991, no snowmelt peak cen be identified on the flow

spring flow graphs. Also, a comparison of spring flow from years 1987 through 1991

indicates a general decline in flow. This is inferred to be due to the small amount of
precipitation during this period. The quantity of snowrnelt recharge during these years was

not sufficient to create either of the following conditions: 1 l completely fill the depleted

storage in the system, (resulting in a base flow lower than that of the previous year), or 2l
provide a spring flush (although recharge may be sufficient to restore deleted storage).

Under the first condition, the groundwater system is being drained and a n€w base
flow condition will eventually be established, provided precipitation inputs are stabilized. Once
the groundwater system was stabilized, the second condition would prevail until the
precipitation {and recharge) increased sufficiently to fill the excess storage capacity in the
groundwater systern. lt appears that the first condition occurred at the Big Bear Spring during

the per iod of  1987 through 1gg1

2.7.4 Birch Soring. The Birch Spring flow increased by almost 3OO percent for a three
month period and a reduction in water quality in the fafl of 1 989 (North Emery Water Users

Association, 1991). Table 2-8 is a surnmary ol water quality data before, during, and after
the anomalously high flow event, and shows that water quality returned to normal once flow
rates norrnalized. The reason for this fluctuation is unknown. The event occurred shortly
after the Bear Canyon mine intercepted an inflow of about 1 10 gpm in the North Mains,

though the response of the spring if this were a mine related impact would be a reduction in
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TABLE 2.8

Summary of Birch Spdng Analyfical Recdts

Parameters Apri l  1987 october 1989 March 1991

pH 8.0 8 .33 8.05

Conductivity (umhos/cm) 748 1 090 812

TDS (mgfll 412 810 484

TSS (mg/l! 2 56 1

Bicarbonate (mg/l) 392 367.17 376

Chloride (mg/ll 7 12 .65 8 .17

Sulfate (mg/ll 102 29 8.34 129

Calcium (mgfl) 87 1  28 .01 101

Magnesium (mg/l) 48 71 .82 42.5

Potassium (mg/l) 2 5.56 2.09

Sodium (mgfl) 7 10.80 6 .1

lron (rng/l) < o.o5 o.21 o.10

Manganese (mg/! < 0.o2 0.02 < 0.02
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flow rather than an increase. .Montgomery (lggl) attributed this flow rise to a release of
collected water in the abandoned Trail Canyon Mine. This is highly unlikely as both the Trail

Canyon and Bear Canyon Mines are above the regional water table, as discussed in Section
2.4.1 . Additionally, a sustained discharge of 230 gallons per minute for 90 days would result
in a cumulative flow volume of approximately 30 million gallons (92 ac-ftl of water. This
would require a significant storage volume; assuming that four entries each 1 2 feet wide and
8 feet high were filled with water, they would need to bo 2 miles long to be able to store the
required volume of water to sustain this flow during a low flow period of the year. Prior to

the increased flow at Birch Spring, the pillars were pulled in the Trail Canyon Mine. The
subsidence of the mine significantly reduced the open arcawithin the mine where water could
collect. Portals on the down-dip side of the mine have been visually monitored on a regular

basis since reclamation. No seepage has been observed at these portals, suggesting that the
mine was dry before, during, and after the increased flow at Birch Springs (Co-Op Mining
Cornpany, 1992a). Given the contention that the area is extensively faulted and the faults
and fractures are interconnected, the possibifity of storing this volume of water as a perched

water table above a large extent of the mine, without discharge occurring in other locations,
is very unlikely.

An alternative source of the surge in flow could be the opening or connection of

saturated fractures which previously did not convey water to Birch Spring. These fractures

could have contained a significant volume of water which had built up over a long period of

tirne. As these fractures drained, the flow contributed to the Birch Spring was sufficient to

raise the water level in the fractures to a level which previously had not conveyed water. This

would result in a flush of sediment and dissolved constituents, as reported by North Emery

Water User Association, which had accumulated over time. Once the excess water in the

fractures had drained the flow in the spring and the water quality returned to normal levels.

Because the period of record for Birch Spring is limited, and the published stream flow

data for Huntington Creek do not include the period of record for Birch Spring, a comparison

to stream flow prior to 1990 cannot be made.
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The flows frorn Birch Spring show some seasonal fluctuation; however, three years of

data do not provide sufficient inforrnation to identify the general flow characteristics. The

available data (Appendix E) indicate that flow from the spring gradually diminished in 1990,

8n occurrence that was noted by the North Emery Water Users Association (verbal

communication, 19911. Flow during 1gg1 was stable, with only slight f luctuations.

The declining flow at Birch Spring is considered a result of below-normal precipitation

in the region over the past four to six years. Big Bear and Little Bear Springs also exhibited

similar flow reductions. Here again, as proposed for Big Bear Spring, when recharge to the

groundwater system is reduced below the amount required to replace the storage volume

depleted by base flow discharge over the previous year, the discharge from the system at the

various discharge locations is adjusted to balance the change in storage of the system.

2.A Water Rights Search

To assist in understanding the potential impacts of the rnining operations on the

surrounding water resources, a search of the Utah State Water Rights records was conducted.

The computer records were scanned for all water rights, surface and groundwater, which

exist in the area of Sections 1O through 15 and 22 through 27 of Township 16 South, Range

7 East. The search included an area between one half and one mile beyond the permit

boundary. The water rights which were identified are located on Figure 2-3 and presented

in Appendix C.

There are three surface water rights within the permit and proposed expansion areas

(Figure 2-3). No springs with water rights were identified above the coal seams within the

permit or proposed expansion areas. In the adjacent area, 30 surface water rights and 29

groundwater rights were identified. Fifteen of the groundwater rights wero associated with

flows frorn Big Bear and Birch Springs, The rernaining rights were associated with the mines

or with srnall stockwatering springs north of the permit area.
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3,1

3.O MONITORING WELL INSTALLATION AND GROUNDWATER SAMPL]NG

Well Drilling

For the purpose of collecting stratigraphic and hydrologic data for this study, three

holes wore drilled from the mine floor (the base of the Blind Canyon coal seaml to the Mancos

Shale (Figure 3-1). A Diamec model 251 hydraulic drilling rig was used by Co-Op personnel

to drill the holes, and EarthFax Engineering geologists performed lithologic logging and aquifer

testing within the Star Point Sandstone. The holes were later completed as rnonitoring wells,

to allow groundwater quality in the uppermost aquifer below the mine to be characterized.

Monitoring well DH-3 was abandoned in November, 1993, sothat the pillars could be pulled

in the 1st East section of the mine. A replacement monitoring well was installed in the 3rd

West Bleeders section in January,1994. Stratigraphic logs and completion diagrams for all

four in-mine wells are contained in Appendix G.

The original drilling prograrn specified the use of AW-size drilling rod and core barrels

to produce a 1 .89-inch diameter pilot hole, which would be enlarged by reaming to a diameter

of 3 inches prior to aquifer testing. Difficulties in reaming the pilot hole required that larger

BW-size equipment be used to produc€ a 2.36-inch diarneter hole. No fluid additives or lost

circulation material was used during drilling; only clear water was used as drilling fluid.

The holes were drilled and the aquifers were tested incrementally; i.s., as sach aquifer

was penetrated, drilling would cease, the aquifer would be isolated, and aquifer testing would

be conducted. Because underlying impermeable shale was used as a seal at the bottom of

the aquifer to be tested, a single packer was placed at the top of the subject aquifer. Aquifer

testing procedures are discussed in Section 4.0.

3.1.1 Drill Hole DH-IA. To obtain detailed stratigraphic information, drill hole DH-l

was continuously cored with AW rod from the mine floor to a depth of 195 feet. Due to drill-

3-1 Rrvirrd l-31-eE
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stem instability during attempted reaming of the AW hole to a diameter of 3 inches, DH-1 was

abandoned and a second hole (DH-lAl was offset approximately 2O feet to the east. DH-IA

was drilled with BW rod to 195 feet (through the interval for which core had already been

obtained from DH-l ), and then cored continuously from 195 to 535 feet (total depth).

As core was retrieved from the borehole, it was cleaned, described, allowed to dry, and

boxed. The core boxes were permanently labeled as to the hole and depth interval from

which the samples were obtained. All core samples are in the possession of Co-Op Mining

Company.

3.1.2 Drill Holes DH-2 and DH-3. Drill holes DH-2 and DH-3 (Figure 3-1) were cored

selectively, across intervals within which stratigraphic contacts were expected (based on the

stratigraphy observed in the continuous core from DH-l and DH-1A). Table 3-l is a summary

of intervals cored in each of the drillholes. Lithologies of drilled intervals between core runs

in DH-2 and DH-3 (Appendix G) were inferred from the color of drill cuttings. Because the bit

used in drilling these intervals produces a fine rock powder, no grains or lithic fragments are

contained in the drilling fluid returns. DH-2 was drilled to 53O feet, and DH-3 was drilled to

545 feet below the mine floor.

3.1.3 Drill Hole DH4. Drill hole DH-4 was installed to replace abandoned well DH-3.

DH-4 was drilled to a total depth of 238 feet and was terrninated in the Mancos No. I

Tongue.

3.2 Well Gompletion and Development

To plug the lower portion of the drillhole and isolate the Spring Canyon aquifer for well

completion, DH-lA was filled with cement from a total depth of 535 feet ta 171 feet below

the mine floor. Due to binding of the tremie line during cernent emplacement in DH-1A,
gravity-emplaced granular bentonite was used to plug the lower portions of DH-2 (from 530

to 1 9O feet) and DH-3 (from 545 to 1 89 feet).
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TABLE 3-1

Summary of Corod lntervafs

Dril lhole
t .D .

Cored Interval
(depth in feet below

mine floor)

Stratigraphic Targets

DH-1 0  -  195 ' Continuous core.

DH.1A 1 95 - 535', Continuous core,

DH.2 95  -  106 ' Blackhawk/Spring Canvon contact.

190 - 245', Sprinq Canyon/Mancos No. 1/Storrs contacts.

335 - 430', Storrs/Mancos No. 2/Panther contacts.

500 - 530' Panther/Mancos Shale contact.

DH-3 82 -  gg ' BlackhawklSpring Canyon contact.

1 75 - 440', Spring Canyon/Mancos No. 1/Storrs/
Mancos No, 2 /Panther contacts.

500 - 545', Panther/Mancos Shale contact.

DH.4 170-239' Sorinq Canyon/Mancos No. 1 contact.
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Each well was completed with 20 feet of 1.5-inch diameter, flush-threaded Schedule

40 PVC 1O-slot scrsen set near the base of the Spring Canyon Tongue. Blank casing of the

samospecification was used to complete the wells to the mine floor. A 2O-4O mesh silica

sand filter pack was emplaced in the annular space from the bottom of the screen to the top

of the Spring Canyon Tongue, and granular bentonite was placed on top of the filter-pack to

prevent infiltration of cement. The upper 50 feet of annular space was filled with neat

cement. A 1O-inch diameter cast-iron watertight manhole was cemented flush with the mine

floor at each well. To further protect the rnonitoring wells, wooden barricades were installed

across the rnine openings on either side of each well. Well completion diagrams are contained

in Appendix G.

The completed wells were developed with a 1-inch diameter stainless steel bailer

attached to stainless steel cable. The bailer was used to surgs and bail the well until the

water was visibly clean.

3.3 Groundwater Sampling

3.3.1 Monitorins Wdls. One-inch diameter bladder pumps were installed in each of

the rnonitoring wells. The pumps can be driven with nitrogen or other non-flarnmable

compressed gas, and are intrinsically safe for mine us€. The sample lines, drive lines and the

bladder are constructed of Teflon, and the pump body is stainless steef . The dedicated purnps

are designed to be left in-place throughout the life of the wells, thus, the need for

decontamination and storage of purging and sampling equipment between sampling rounds

is eliminated.

To ensure the collection of samples repr€sentative of formation watsr, oach well was

purged of three casing volumes prior to sampling. Samples were collected in laboratory-

supplied containers, and were stored in insulated ice chests at 4" C until delivery to the

anafytical laboratory. Laboratory analytical results for samples collected during the May 1992
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Analytical results for 1 994 guarterly sampling

3.3.2 Additional Samding Points. Groundwater-quality samples are routinely collected

by Co-Op Mining personnel from the North Mains section of the mine (SBC-9 and SBC-I0),

Bear Creek (BC-l and BC-2), and from springs associated with faults and joints in the Panther

Tongue of the Star Point Sandstone (SBC-4, SBC-S, and BP-l1. Samples are also collected

from two locations in Trail Canyon: from the Hiawatha coal s€am (TS-1), and a spring which

issues from the Spring Canyon Tongue of the Star Point Sandstone (CS-l). Sampling

locations are depicted on Plate 2.

3.4 Radioisotope Dating

Groundwater samples were collected from SBC-4 (Big Bear Spring!, SBC-5 {Birch

Spring), SBC-9 (North Mains), and SBC-10 (Mine Floor water) in April, 1992, and submitted

for tritium analyses to the Rosenstiel School of Marine and Atmospheric Science Tritiurn

Laboratory in Miami, Florida.

The results of the tritium analyses are presented in Table 3-2. Tritium concentrations
(expressed as tritium units, TU) for Birch Spring fi.12 TU), North Mains (0.90 TUl, and the

floor water (1.73 TU) are within the sarne order of magnitude, whereas the concentration for

Big Bear Spring (17 .4 TU) is an order of magnitude greater.

According to Thiros and Cordy (t991), prior to above-ground nuclear weapons tests

conducted from 1953 to 1969, the natural tritium concentration in precipitation was 8.7 TU.

Assuming a half-life of 12.26 years, tritiurn levets in groundwater stored since 1952 would

now be 0.95 TU, thus, water collected from SBC-9 tNorth Mains) sample is l ikety 100% pre-

bomb groundwater (water stored since before 1953). Waters from SBC-5 (Birch Spring) and

SBC-10 (floor water) are probably mixtures rich in stored pre-bomb groundwater, with a slight

amount of post-bomb wat€r.
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TABLE 3-2

Tdtium Analytical Results

Samolins Point l.D. Location Tritium Concentration

SBC-4 Biq Bear Spring 17 .2  TV

SBC-5 Birch Soring 1.12TU

SBC.g North Mains 0.90 TU

sBc-l0 Floor Water 1.46  TU
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There are three possible explanations for the relatively high concentration of tritium in

the SBC-4 (Big Bear Springs) water: 1) The groundwater could be freshly recharged; current

tritium concentrations in freshly faflen rain water in Utah range between 10 and 20 TU

(Thiros, verbal cornmunication, 1992); 2) it could be stored post-bomb water which originally

had a very high concentration of tritium which has since decayed; or 3) water from Big Bear

Springs could be a mixture of pre-bomb and post-bomb waters.

Because tritium concentrations in rainwater were greater than l OOO TU during periods

of active above-ground weapons testing (Fritz and Fontes, 1980), the age of water from Big

Bear Spring cannot be determined. Regardless of the source(s) of recharge to Big Bear Spring,

the concentrations of tritium in the remaining groundwater samples (SBC-S, SBC-9, and SBC-

10) suggest that Birch Spring water and the mine inflow are of similar age (pre-l 953), and

arenotsigni f icant|yrechargedbymodernprecipi tat ion.
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4.1

4.0 AOUIFER TESTING

General

To estimate the hydraulic conductivities of the aquifers within the Star Point

Sandstone, slug iniection and withdrawal tests were conducted in each of the in-mine borings.

To ensure that test results were representative of the individual aquifers, testing was done

incrementally in DH-1A, DH-2, and DH-3; as each aquifer was penetrated, an inflatable packer

was used to isolate the subject aquifer from over-and underlying formations. Only the Spring

Canyon Tongue was tested in completed well DH-4; the procedures followed during testing

of DH-4 were the same as those used during incremental testing of the other three wells,

except that no packer was used.

A slug test consists of rapidly changing the water level in a well or borehole by means

of the injection or withdrawal of a body of known volume {a'slug"} into or from the water

colurnn. When the slug is rapidly lowered into the water column, the water level rises

abruptly. Rapid withdrawal of the slug after the water level has fully recovered causes the

water level to drop abruptly. The rate of water level recovery to static conditions is rnonitored

through time.

The slug used in this investigation consisted of a five-foot length of O.S-inch diameter

31G-stainless steel rod attached to 0.05-inch diameter stainless steel cable. The five-foot

long slug has a displacement of 1 1.78 cubic inches, which is equivalent to a displacement of

3.2A feet in the 0.625-inch inside diameter of the drill rod.

Although it is recognized that the radius of influence for slug tests is smaller than for

the more conventional long-term pumping tests, slug tests are considered to provide adequate

information about hydraulic conditions in areas where studies are not aimed at designing an

exploitation prograrn of the aquifer (Freeze and Cherry, 1 979). Both the slug injection and
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slug withdrawal tests produce similar results if perforrned under sirnilar field conditions, and

if a sufficient length of time is allowed to achieve rnaximum recovery of the water level.

4.2 Fiold Procedurcs

4.?.1 Water-Level and Total Deoth Measurementr. The static water level was

rneasured with a pressure transducer in each subject aquifer prior to slug testing. The packer

and transducer were placed at a known depth in the drillhole, and the water column height

measured by the transducer was added to this known depth to approximate the water level.

Total depth was determined by tallying the five-foot lengths of drill pipe as they were removed

frorn the hole after a completed drilling or coring run.

Static water level and total depth measurements in the completed rnonitoring wells

wsre made with an electric water-level indicator. Each of the measurements were made

relative to the top of the protective surface casing. Thess values were used to deterrnine the

saturated thickness of the zone to be tested.

4.2.2.Ooen-Hole Sluq Tests. During open-hole testing, 6ft Instrumentation Northwest

pressure transducer with an operating range of O to 50 pounds per square inch (up to 115-5

feet of water) was attached to the packer. Data derived from the transducer were recorded

by a model 21X Micrologger manufactured by Campbell Scientific. The micrologger was

prograrnmed to record water-level changes to within 0.001 foot at either one-half second or

one second intervals, depending on the response of the aquifer.

During the drilling program the bore hole was advanced through an aquifer into a

confining unit. The top of the aquifer was then sealed off and isolated frorn overlying aquifers

with a 2-inch diameter pneumatic packer (Aardvark model 121. The transducer was

connected to the packer, and measured the height of the water colurnn inside the drill stem.

After pre-test measurements the slug was introduced through the drill stem and the test was

recorded by the micrologger.

4-2 R.,yb.d 1-31-06



Co-Op Mining Company
Bear Canyon Mine

Appendix 7-N
Revised Hydrogeologic Evaluation

April 26, 1993

As data were collected, water-levels displayed by the micrologger were examined to

monitor trends and the progress of the test. The accuracy and completeness of data were

thereby reviewed before each test was terminated. Each test was allowed to proceed until

the water-level recovered at least 95% of the height displaced by slug injection, All data were

stored in the final memory of the micrologger and transferred to a data-storage module in the

field. Data from the storage rnodule were transferred to diskette storage in the office.

Following completion of the slug injection test and stabilization of the water'level, a

slug withdrawal test was performed. Hence, a minimum of two tests were conducted in each

well. When recovery was rapid, additional slug tests were performed. All data thus collected

are on file with EarthFax Engineering.

4.2.3 Slug Tpsts in Comoleted Wells. Because the larger diameter of the well casing

(1.S{nch) would permit a less restricted and more representative test (e.9., rnoro smooth

introduction and withdrawal of the slug, less turbulence within the water column) than that

possible through the drill st€m (0.625-inch) and packer, slug tests of the Spring Canyon

Tongue aquifer were repeated after cornpletion and developrnent of DH-lA, DH-2, and DH-3

as monitoring wells (as noted, the only test of DH-4 was conducted after completion). The

hydraulic characteristics of the Spring Canyon Tongue aquifer listed on Table 4'1 and

contained in Appendix F are those obtained from tests conducted in the completed wells.

A pressure transducer with a maximum operating pressure of 1O pounds per sguare

inch (23.1 feet of water) was used to measure water levels during the slug tests in the

completed and developed wells. After pre-test measurements and programming of the

micrologger, the pressure transducer was lowered into the water to a depth that was below

the lowest point to which the slug would be lowered, but within the depth range of the

transducer. The slug was then rapidly lowered into the water column in the monitoring well,

and data were recorded as in the open-hole tests.
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TABTE 4-1
Hydraulic Gonductivity and Transmissivity Values

ld Anomalous value (see Section 4.41

Well ldentification

and Test Number

Aquifer Saturated

Thickness

{ft}

Hydraulic

Conductivity

(ft/dayl

Transmissivity

(ffldayl

Average Linear

Velocity

fft/dayl

DH.lA SPRING 88.0 o.1 46 12.848 0.0443

DH-IA STORRS 97.0 0.031 3.O07 0 .0155

DH-lA PANTHER 70.0 o.732 51.24 0 . 1 9 1  1

DH-2 SPRING 103 .0 o.01 2 1 .236 0.0036

DH-2 STORRS 106 .0 78.422t,,l 9,31 3{' l 39.211'r

DH.z PANTHER 88.O 0.025 2.200 0.0065

DH-3 SPRING 65.0 o.058 3.770 0 .0176

DH-3 STORRS 87.0 0.008 0.070 0.0040

DH.3 PANTHER 72.O 0.096 6 . 9 1 2 0.025 t

DH-4 SPRING 177.7 0 . 1 6 3 28.99 0.049
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4.3 lnterpretation Procedures

Data recorded on the data-storage module in the field wers transferred to diskette by

moans of either a model PC201 tape and serial l/O card and associated softwar€ or a PC208

software package and serial cable with adapter, both developed by Campbefl Scientific. These

data sets are stored as comma-delineated ASCII data files. The contents of each data file

were subsequently transferred to an analytical program (AOTESOLV*}, which allows rapid,

graphical representation and log-linear regression analysis of test data.

. Recentfy published rnicrocomputer software AOTESOLVTU (Duffietd and Rumbaugh,

19891 was used to evaluate the slug test data. The method of Bouwer and Rice (1976),

which determines hydraulic conductivity for wells penetrating unconfined aquifers, is available

in the AOTESOLVTM software for the evaluation of slug test data, and was used to estimate

the hydraulic conductivities of aquifers tested for this study.

Values of time and actual water-level displacernent due to injection or withdrawal of

the slug are displayed on a semi-logarithmic plot (i.e., water-level displacernent is represented

on a logarithmic y-axis and time is represented on a normal arithmetic x-axis). The hydraulic

conductivity is estimated from the equation:

., r"2 In(R/rJ 1
r l  -  - -
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)

(4 -1 )

o

2L
m&

h

Yo

n
L
rc
R.
rw

H
t

initial drawdown or residual drawdown in well due to
instantaneous rernoval or injection of the slug from the well (ftl
drawdown in well at time t (ft)
tength of well screen (ft)
radius of well casing (ftl
equivalent radius ov-er which head loss occurs (ft}
radius of well, including gravel pack (ftl

static height of water in well (ftl
t ime (min)
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(4-21

where:

C = 
flrl"ntionless 

parameter which is a function of L/r- (see Equation

and other parameters are previously defined.

According to Bouwer and Rice ( 1 9761, Equation (4-1 ) allows the hydraulic conductivity

to be calculated from the water{evel change in the well. Becausethe hydraulic conductivity,

casing radius, well radius, the radius over which head loss occurs, and the screen length are

constants, (1/t) In yolyt must also be a constant. Thus, the time-drawdown data should

approximate a straight line if plotted in terms of In yo versus t. The quantity (1/t) In y"/n in

Equation (4-1) is obtained from the first straight-line segment drawn through the field data.

The AOTESOLVTM software program prompts the user to supply values of well casing

radius, drill hole radius, aquifer saturated thickness, well screen length, and static height of

water in the well. Time and water{evel data are read into the software program in the form

of ASCII data files, which are down-loaded from the field data-logger.

Once the field data and constants are entered, the AOTESOLVTu software generates

semi-log plots of the data and automatically fits a straight line to the data according to user-

defined weighting. lf the entire range of field data do not approximate a straight lins, only

those early data which form a valid straight-line segm€nt are weighted by the user such that

the software package produces the desired straight line approximation through the valid part

of the data set.

In(RJrJ =(ffi.ft,"

4-6 Rdb.d l-31-96



Co-Op Mining Cornpany
Bear Canyon Mine

Appendix 7-N
R evised Hyd rose", 

XnJi, ?E:"rr5.Sl

The straight-line fit produced by AOTESOLVTu autornatically determines the value of

yo (y-intercept) and an arbitrary value of n at time t to solve Equation (4-1). Based on user-

defined vafues of screen fength and drill hole radius, the software determines the value of C

to evaluate R. in Equation (4-21.

The software generates the straight line approximation by means of a nonlinear

weighted least-squares parameter estimation technique, i.e., the Gauss-Newton linearization

method (Duffield and Rumbaugh, 1989). The estimation technique rninimizes the difference

between observed and estimated values through iterative solution of the system of linearized

equations until convergence is achieved. To ensure the fit of the straight fine, the software

prints out the values of actual water levels, calculated water levels, and residual values (the

difference between the actual and calculated water levels) derived by the parameter

estimation technique. Additionally, the statistical values of mean, standard deviation, and

variance also are provided for the weighted residuals. These statistics indicate the goodnoss-

of-fit of the straight line generated through the weighted slug test data by the estimation

technique. Table 4-2 is a summary of the information collected in the field and subsequently

used in the slug test analyses

4.4 Aquifer Test Data and Results

Slug test plots for the wells tested are presented in Appendix F. Incfuded with the

time-drawdown plots are printouts of well constants and fietd data used to estimate values

of hydraulic conductivity. Also listed in Appendix F are values of actual water levels,

calculated water levels, and residual values (the difference between the actual and calculated

water levels) derived by the parameter estimation technique. Statistical values of

mean,standard deviation, and variance also are provided for the weighted residuals. Table 4-1

is a summary of aquifer saturated thickness, hydraulic conductivity, transrnissivity, and

average linear vefocity values calculated for each well.

o
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' Below Top of Casing.

TABLE 4-2

Slug Test Input Data

Well ldentification
And Test Number

Static Water
Level

(ft btc'l

Diameter Of
Casing

{inl

Radius Of
Borehole

1in)

Screen
Length

fftl

Total
Depth

(ftl

Aquifer
Saturated
Thickness

tftl

DH.1A SPRING 70.0 2.5 2.9 20.0 1 7 1  . 0 70.0

DH.IA STORRS 97.0 2 .9 2.9 95.0 NA 97.O

DH.l A PANTHER 70.0 2.9 2.9 60.0 NA 70.0

DH.2 SPRING r 60.0 2.5 2.9 20.o 190.0 160.0

DH.2 STORRS 106.0 2.9 2 . 9 104 .0 NA 106.0

DH-2 PANTHER 190.0 2.9 2.9 86.0 NA 88.0

DH.3 SPRING 50.0 2.5 2.9 20.0 190.0 50.0

DH.3 STORRS 127.O 2.9 2 .9 70.0 NA 72.0

DH-3 PANTHER 72.O 2.9 2.9 70.0 NA 72.O

DH-4 SPRING 62.0 2.5 2 .9 20.0 190.0 177.7
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I

The hydraulic conductivity vatues used are taken directly from AOTESOLVil plots, and

a plot from each slug test is analyzed. Plots with convoluted or broken data lines are rejected.

Plots from tests that were aborted prernaturely or had other technical difficulties are also

rejected. One plot was selected per formation, per hole from the remaining plots, based on

goodness of fit.

According to Driscoll (1 986), hydraulic conductivity indicatesthe quantity of waterthat

will flow through a unit cross-sectional area of a porous media per unit time. Transmissivity

is the transmission capability of an aquifer, and can be calculated by multiplying the saturated

thickness of an aquifer by its hydraulic conductivity.

The horizontal rate of groundwater flow (or average tinear velocityl of groundwater in

each tested aquifer was calculated using a modified form of the Darcy equation {Freeze and

Cherry 1979):

i = (Nnl(dHdD (4-31

average linear groundwater velocity (ftldayl.
hydraulic conductivity (ft/day).
porosity (fractionl.
hydraulic gradient (ft/ft)

Calculation results are shown in Table 4-1. The results from all of the tests are

deemed satisfactory, with the exception of tests run on the Storrs Tongue aquifer in DH-2.

During analysis of test data for this aquifer and later field checks, it was discovered that the
packer bladder had not seated properly during slug testing of this interval, and had allowed

water to communicate around the packer. This fact explains the very large discrepancy

between the values from this unit, as compared to values derived from Storrs tests in DH-lA

and DH-3.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Conclusionr 

:

Based on this study the following conclusions ars made:

The groundwater systern in thr arca of the Trail Canyon and Bear Canyon

mines is mainly controlled by geologic structures (faults and fractures) and

lithology.

In the area of present developrnent, the regional water table is located below

both the Bfind Canyon and Hiawatha seams in the Bear Canyon mine, as

indicated by in-rnine drilling and aquifer testing. The three aquifers within the

Star Point Sandstone have separate, distinct static water levels, and are not

fully saturated in the southern portion of the permit area.

At the present time, there is no evidence to suggest that interception of water

within the workings of the Bear Canyon mine has had an impact on water

quantity or quality at Big Bear Spring or Birch Spring.

- Tritium analyses suggest that Bear Canyon Mine water is

primarily relict "pre-bomb" water, and does not recharge Big

Bear Spring which is "post-bomb" (more recently rechargedl

water.

- Analysis of Piper diagrams does not suggest a hydraulic

relationship between Bear Canyon Mine water and the water

from Birch Springs.
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- Analytical results of groundwater samples collected in 1 991

indicate that water intercepted by and stored in sumps within

the Bear Canyon Mine is of higher quality than that discharged

at Big Bear and Birch Springs.

Mine water discharge may increase the quantity and improve the guality of

water in Bear Creek.

Subsidenc€ over the southwest portion of the Bear Canyon Mine cannot impact

Birch Springs; Blind Canyon truncates the coal seam before it reaches Blind

Canyon Fault or the fault and fracture zone associated with Birch Springs.

The recent reductions in spring flows appear to be the result of significant

reductions in precipitation arnounts over the last five to six years.

5.2 Recommendationr

The following recommendations are presented to assist in addressing some of the

concerns of the water cornpanies and the Utah Division of Oil, Gas, and Mining:

o Co-Op Mining Company should continue to periodically monitor flows and water

quality at Big Bear and Birch Springs. Regular monitoring will ensure the

collection of adequate data for the evaluation of potential mining-related

impacts to the springs. Each round of flow monitoring and sarnple collection

should be performed by the same individuaf, to reduce the possibility of error

due to technique.

Special attention should be paid to sarnpling and preservation techniques.

Recently obtained comparative laboratory results should be reviewed and

consideration should be given to the selection of a new laboratory. Ouality

o

o

o

o
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ln 2#{}1 Cl. W. Mir"li*g ]iir*ri h'la3'* a:r*l Assr:ciates to do a cletaileeJ h3,,*rer}*giq:r sturiy an*i a pl'lc

erf'the 2001 permit area, and *f tl:* future Wild Horse Riclge ar:cl N.'l*hrland expnnsion areas. This

repcrt entitled "lnvestigafion of $roundr.vater and Surface*Wiiter Syst*ms in the C. W. Mining

Compan3, Federal Cq:al [,ease and Fes [,ands, S$$fher$ {i*ntry Mountain, Emer1.'and {jsrb*n {l*:uutics,

Utah: Ilrcl:ahle H.vdrck:gic {]*nsequenses *f {l*al l\4ining in the 3ear Can3.,*n Per:xit Area and

R*cornmendtrti*ns for Surf'sce Water ancl Groundrryater Monit*ring'. is includ*d in the app*nclix

inr:nediatell' fbl lorving these pages.

tn ?**S dLrring tl:* M*hrland p*r:trit expa::sion the Farest Senvise *Kpressed e*ncerns that the

PI t{l included i:r the lrrst Mayo report did not lllly address ths M*hrland arsa, and that i[ ra'as outdated.

Secause ef'this C. W. Mining again hirect fvla-va anr{ Ass*ciates t* update the Pl:lC included in the first

reporl. hrst*ad rervniting tlrc iirsl r*;:*rt, h4ayr: and Assaciates r,vrote a sec*nd reparl *ntitle*! '.i{evisecl

Ilr*bable l"lydral*gic Llonsequ{:nces cf'C'oal Mining in the l}t:sr C'an-vr:n Mine" Wild llorse Ridge, and

Moluland Permit Areas"" This second report is included in ihis appendix irnmediatel_rr fbllcwing the

first rep$rt. Whe:r rc*ding the first repi:rt sectir:n 9 whielr includes the PHC shsiuld h* ign*red and the

s*c*nd report sh*uld be usecl instead.

Adelitiona.lly n*ither *f tlie rep*rts iidetressed de-watering *f tlre ol*J M*hrlar"rd rv*rkings srnoe

net inerease t:1'rvater being clisr:hargecl is expectecl as describe<i bel*rv.

IJue tc safbty coricerns cl*-rvateling *f tl,e r:ld Mohrland workixgs will lik*ly take place cluring

initisl developn:ent of the new Mohrland rnine, and while retrsat mi*ing of long-rvall panels l, 2, and 3

of this hlock {see Plate 5-l B). ll. S. Fuel officials rcport*d that it took l8 m*nths ftir these mine

r,vorkings tc fitl trp and hegin disclrarging. Rased *n this the volume of water stored in the old
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lv*rkings is appr*xirnatelS, fr00 acre-ft.

C" W. h'lining ar"rticipates needing trenvee n2$tJ and 25t) gpm cluring the long-r.r'all mining

*per*ti*ns. Wtrile mining is t*rki*g place in the Blind C)an,von and Tank c**l seams tlt* watsr rviil

cotne fr*m thc ?lcar Can;-rlr"l #1 rnine discharge and l'rorn treated surf'ace wa€ers as alli:we<J by *ur

shares i* Hur':tirigtcn Cleveland lrrigati*n C.ompany. When nrining begins in the Hiawatha $sa$r the

Mq:rhrlaricl discharg* will be interceptecl ancl tlris rvater will be used. If any nelr inflows are encilrintered

this $'ater rvill he uscei, and less of the old rnine rvorkings inflorvs r,vill be diverted. Recause the in-

florvs irorn tlre old r.var:kings will be diverted and tlre de-watering of the olcl rvorkings r.r'ill take plere*

ovsr a 3 to 4 vr:ar period the disclrarge is not anticipated to be greater then the current rilt* of 250 gpm

eYeil if de-wa:*ring is taking plac* ar if ne\A/ inflor.vs are encountered in tlre rlsw workings. Ai:

anticipatecJ time Iin* of tlrese activities is or"rtlined belorv.

Year Mine $p*ratioxs

2{il0 Mine developme nt hegins

2010-2{} | I Der,r'atering of'old workings begins

2013 Longwall mining begins

2Al2-2A17# bier.r, inflorvs are encolrfitered
* lf nerv inflorvs are enil$untered before longrvall rnining
average discharge is 250 gprn.

New

Mine Use lnflcws

150 gprn 0 gpffi

150 gprn 0 gprn

?50 gpm 0 gpm

250 gpm 0-l ?0 gpm

begins, the dewafering f"lorvs u'ii}

&{*hrland

llischarge

l0t) gpnt

I 00-20$ gpm

o gpm

0- 1 ?0 gpm

ire clecreased tc) enslrr€ an

if canclitions arise that prsvsnr C.

discharge fil*ry inc,rease to 350 gpm as statecl

W. N4ining from following tlre proposecl schedule the

t:n pase ?? of the sec*nd May* report.
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1.0 INTRODUCTION

C.W. Mining Company intends to expand their current operations at the Bear Canyon Mine

into Federal coal leases in the Wild Horse Ridge area (J-020668 and U-38727) and into

Federal coal leases (U-46484, U-61048, U-61049, and U-0243 16) and fee lands in the

Mohrland area (Figure l). These lands include 932A.54 acres on Genfiy Mountain in the

Wasatch Plateau Coal Field. The current Bear Canyon Mine lease are1 the Wild Horse

Ridge are1 the Mohrland area" and lands immediately adjacent to these areas comprise the

area of study for this investigation.

This report describes the surface-water and groundwater systems of the current mine lease

areu the Wild Horse Ridge are1 and the Mohrland area' and is written in support of Chapter
i

7 of the Mining and Reclamation Plan Om.P). This portion of the MRP requires, among

other things, a description of groundwater qystems, an analysis of the probable hydrologic

consequences of coal mining within and adjacent to the permit arca, and a surface-water and

grourdwater monitoring progiun.

While this report generally focuses on the probable hydrologic consequences of underground

coal mining in the study are4 specific attention is given to two springs. As culinary water

supply sources, these springs, Birch Spring and Big Bear Spring, have been the subject of

particular concem to regulatory agencies, local communities, and private citizens. This

report provides greater insight into the possible relationship between mining operations and

the water quatity and quantity of Birch and Big Bear Springs.
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2.4 PROJECT OVERVIEW

2,1 Purpose of investigation

The purpose of this investigation is to characterize surface-water and groundwater resources

in the study area in order to assess the probable hydrologic impacts of mining, and to

formulate a surface-water and groundwater monitoring program.

2,2 Methods of investigation

Surface-water and groundwater resources in the study area have been evaluated by analyfotg:

1) solute and isotopic compositions of surface waters and groundwaters,2) surface-water and

groundwater discharge dat4 3) piezomefic data, and 4) geologic information. Specific

methods of investigation are described below.

2.2.1 Compilation of water quality, discharge, and piezometric data

Water quahty, discharge, ffid piezometric data were obtained in electronic format from C.W.

Mining and compiled into an electronic database management system. A printed copy of the

data that are included in this database is attached in Appendix A.

2.2.2 Collection and analysis of isotopic data

As part of this investigation, Mayo and Associates have collected water samples from six

sheam sites, 19 springs, three wells, and two in-mine locations for stable and radiogenic

isotope analysis. Additional isotopic data collected previously by Mayo and Associates,

C.W. Mining Company, ffid consultants retained by the Castle Valley Special Services
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t "

Distict and the North Emery Water Users Association

study. These additional data are from springs, in-mine

have been incorporated into this

locations" and one well.

Isotopic samples for 62H, 6ttO, and titium analyses were collected, sealed, and preserved in

appropriate glass or HDPE plastic bottles. Dissolved inorganic carbon for 6''C and

radiocarbon analysis were precipitated with BaClr.2HrO.

For this investigation, Mountain Mass Spectomety, Evergreen, Colorado, performed stable

isotopic analysis for 8tH and 6t8O compositions. Geochron Laboratories, Cambridge,

Massachusetts, performed stable isotopic analyses for 6'3C composition and radiogenic

radiocarbon content. The University of Miami Tritium Laboratory, Miami, Florida

performed titium analyses using electolytic enrichment and low-level counting methods.

Laboratory reporting sheets for isotopic analyses are included as Appendix B.

2.2.3 Data analysis

Geochemical, isotopic, discharge, and other data were analyzed by graphical, statistical, and

computer methods. Solute compositions were graphically analyznd using Stiff (195 1)

diagrams. Groundwater laC residence times were calculated using methods described by

Fontes (1980), Mooke (1980), and Pearson and Hanshaw (1970).
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3.0 PHYSIOGRAPHIC, CLIMATIC, AI\D GEOLOGIC SETTING

3.1 Physiography

The study €rea lies within the cenfal Wasatch Plateau region of the Colorado Plateau

physiographic province. The principal physiographic features of the study area are visible on

a digital shaded relief i-age (Figure 2). The northem and cental portions of the study area

are dominated by Genby Mountain, a flat-topped mesa at an elevation of approximately

9,400 feet. Most of Genty Mountain is relatively fla! except for McCadden Hollow in the

northwest comer of the study area, which forms a shallow valley as much as a few hundred

feet lower than the rest of the mesa. The remainder of the study area consists of steep,

niurow canyons cutting into Gentry Mountain from the southwest, souttr, and east. These

canyons include Tr:ail Canyon and Bear Canyon to the southwest, the Left Fork and Right

Fork of Fish Creek to the south, and Cedar Canyon to the east.

3.2 Climate

Average precipitation is measured by C. W. Mining Company at the Bear Canyon Mine

facilities and in Trail Canyon. For the period 1993-1 997, the average yearly precipitation

was 10 inches in Bear Canyon and 14.75 inches in Trail Canyon. Precipitation at the NOAA

station (NCDC, 1999a) at the town of Hiawatha on the northem extent of the study uea

averaged 13.8 inches per year during the period 193 1 - 1992. These three precipitation

stations are located in the lower elevations of the study area and represent climatic conditions

at the base of the plateau escarpment. The National Resource Conservation Service (NRCS)

maintains two higher elevation precipitation stations west of the study area. During ttre

period 196 1- 1990 (NIRCS, 1995) the average annual precipitation was 29 nches at the
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Mammoth-Cottonwood Station (elevation 8,800 feet), and 33 inches at the Red Pine Ridge

station (elevation 9,200). These latter stations are more representative of precipitation in the

higher elevations of the study area.

The Palmer Hydrologic Drought Index @HDI; NCDC, I999b;Karl, 1986; Guttnan,199 l)

indicates long-term climatic tends for the region. The PHDI is a monthly value generated by

tlre National Climatic Data, Center OICDC) that indicates the severity of a wet or dry spell.

The PHDI is computed from climatic and hydrologic parameters such as temperaflre,

precipitation, evapotanspiration, soil water recharge, soil water loss, and runoff. Because the

PHDI takes into account parameters that affect the balance between moisture supply and

moisture demand, the index is a useful tool for evahrating the long-term relationship between

climate and groundwater recharge and discharge.

Figures 3a and 3b show the PHDI for Utah Division 4 (south cenhal) and Division 5

(nortlrem mountains), respectively. The study area lies near the boundary of these two

regions. These graphs indicate several e>rffemely wet years during the early and mid 1980s,

followed by several years of drought in the late 1980s and early 1990s. From 1993 through

1998 the regions have had mostly wet conditions with several short dry periods.

3.3 Geologg

The geology of the curent Bear Canyon Mine permit area is described in Chapter 6 of the

Bear Canyon Mine MRP. The geology of the areais also described by Spieker (193 1),
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Witkind and others (1987), and Brown and others (1987). This geologic information is relied

on in tkre following discussion

3.3.1 Stratigraphy

Seven bedrock formations, ranging itt age from Cretaceous to Eocene, crop out in the study

area. These formations are (from oldest to youngest) the Mancos Shale, Star Point

Sandstone, Blackhawk Formation, Castlegate Sandstone, Price River Formation, North Horn

Formation, and Flagstaff Limestone. These formations are shown on a geologic map (Figure

$ aad on a genenlaeA stratigraphic column (Figure 5). The outcrop of the Flagstatr

Limestone is not shown on Figure 4 because it was not mapped by previous workers

(Spieker,193 1; Witkind and others, 1987) on Genfiy Mountain. Field observations indicate

that the Flagstaff Limestone is exposed on Genty Mountain.

Except for the Flagstaff Limestone, these bedrock formations were deposited during

transgressions and regressions of the shoreline of the Western Cretaceous Interior Seaway

d*ittg the Late Cretaceous and Early Tertiary. This ancient shoreline was located along the

eastem edge of the tectonically uplifted mountains of the Sevier Orogenic Belt. Sediments

eroded from the uplifted mountains were carried toward the seaway by fluvial systems and

deposited as terrestial, shoreline, marine, ffid interfingered marine and non-marine

sedimentary sequences.

On the terrestrial side of the shoreline, sediment deposition occurred in lacusfine Qake

carbonates, marls, and sands), alluvial plain (sands and clays), fluvial (stream sands and

Invest igat ion of  groundwater and surface-water
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overbank muds), and carbonaceous backshore (coal swamp) environments. Along the

shoreline, marine foreshore deposits (beach sands) accumulated. Offshore, sands swept from

the beaches were laid down as bars and blankets of sand in the near-shore shallow marine

water. These blankets of sand are known as shoreface deposits. The clay fraction of stream-

transported sediments which reached the shoreline was deposited as thick marine mud (shale)

in the deeper and more quiescent portions of the seaway. Because the transgression and

regression of the shoreline was accompanied by the continual deposition of sediments, a

variety of horircntally and vertically discontinuous sediment ffis occur througlrout the coal

distict. This depositional history has resulted in a heterogeneous rock record that has had a

profound effect on the water-bearing characteristics of these rocks.

Each of the geologic units that crop out in the study area is discussed briefly below.

3.3.1.1 Mancos Shale

Castle Valley, located east of the study area, is developed on the easily eroded Mancos Shale.

This formation is also exposed at the base of the Wasatch Plateau escarpment. The Mancos

Shale was deposited in deep, quiescent portions of the Westem Cretaceous Interior Seaway

from Early to Late Cretaceous time. Consequent$, the formation is over 4,000 feet thick and

underlies vast portions of the Colorado Plateau. The shale is carbonaceous, gypsiferous, Md

slightly calcareous. The unit is medium-Say to bluish-gray and is locally fissile with

discontinuous stringers of siltstone and mudstone. The contact of the Mancos Shale with the

overlying Star Point Sandstone is conformable and intertonguing.

Invest igat ion of  groundwater and surface-water
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3.3.1.2 Star Point Sandstone

The Star Point Sandstone, rnihich is present throughout the area, forms prominent cliffs where

exposed at the surface. The sandstone was deposited as marine shoreface blanket sands

which are laterally continuous, but thin basinward (to the easQ. Landward (to the west),

these sandstones terminate abruptly into the mud- and organic-rich backshore facies.

Because many of the organic-rich facies have been converted to mineable quality coal,

locally the Star Point Sandstone has immediate eontact with coal seams. Elsewhere

sandstone bodies of the Star Point Sandstone are overlain and underlain bv lower shoreface

and open marine shales of the Mancos Shale. What this means is that the marine shoreface

sandstones are three dimensionally encased by low-permeability marine shales and fine-

grained carbonaceous backshore coal-bearing facies.

The Star Point Sandstone thins eastward and merges with the rrrder$ing I\4asuk Member of

the Mancos Shale. Three prominent tongues of the Star Point Sandstone inter-finger with the

Mancos Shale. These three sandstone members, from bottom to top, are the Panther, Storrs,

and Spring Canyon Sandstones. Valuable information about the Star Point Sandstone in the

Bear Canyon Mine area was obtained from three in-mine drill holes that penetrated the entire

thickness of the Star Point Sandstone (EarthFatr, 1993). Data from these holes indicate the

fo[owing statigraphic thicknesses in feet:

DH- 1 A DH-2 DH-3 Average
Spring Canyon S S
Mancos Shale
Stons ss
Mancos Shale
Panther SS

88
57
96
37
105

103
37
r05
43
88

98
40
120
84
97

96
45
t07
55
97
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The Panther Sandstone is a fine- to coarse-grained sandstone that is poorly cemented.

Bedding in the Panther Sandstone is variable from massive to laminated, with muddy

partings and local bioturbation. The Panther Sandstone is less dense, coa$er-grained, less

well cemented, less indurated, ffid more permeable than the other tongues of the Star Point

Sandstone.

The Storrs Sandstone is a very fine- to fine-grained sandstone that is well cemented and well

indurated. Bedding rimges from massive to laminated with muddy horizons and parting. The

Storrs Sandstone is generally finer-grained, denser, and more highly indurated and less

permeable than the other two tongues.

The Spring Canyon Sandstone is fine- to medium-grained sandstone that is well cemented.

Like the other tongues, bedding is variable in the unit with muddy horizons and partings.

3.3.1.3 Blackhawk Formation

The Blackhawk Formation consists of an upper non-marine, suspended-load fluvial portion

and a lower marine shoreface and non-marine foreshore portion. Massive, cliflforming units

are conlmon in the upper portion, and thinner-bedded, slope-forming units are common in the

lower portion. The thickness of the Blackhawk Formation ranges from 600 to 700 feet in the

study area. Most of the thicker coal seams occur in the lower portion of the Blackhawk

Formation.
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The upper portion of the Blackhawk Formation was deposited in an alluvial-plair/suspended-

load fluvial channel environment. In these environments layers of mud are more abundant

than channel sands, and sandstone channels are generally isolated from each other both

laterally and vertically by mud-rich overbank and interfluvial deposits.

The lower portion of the Blackhawk Formation contains the mineable coal deposits and

consists of more thinly bedded sandstone and shate layers. The coal-bearing units of the

lower Blackhawk Formation overlie and are laterally juxtaposed to marine shoreface

sandstones of the Blackhawk Formation and Star Point Sandstone. On a large scale, these

sandstone bodies are laterally continuous but terminate abruptly into the mud- and organic-

rich backshore faces in a landward direction. However, individual rock layers are lenticular

and discontinuous, with abundant shaley interbeds. The fine- to medium-grained sandstones

occur as thin- to massively-bedded paleochannel deposits. The paleochannels increase in

frequency, thickness, and lateral extent upward in the formation.

The coal searns mined at the Bear Canyon Mine include the Tank Seam, the Blind Canyon

Seam, and the Hiawatha Seam. Other seams, which are of lesser economic importance in the

permit are1 include the Bear Canyon Seam and the upper beds. The uppermost coal seam

mined at the Bear Canyon Mine is the Tank Seam, which ranges from 0 to 8 feet thick. The

underlying Blind Canyon Seam, which rulges in thickness from 0 to 10 feet, is separated

from the Tank Seam by approximately 240 feet of sandstone, mudstone, and shale. The

stratigraphically lowest coal seirm in the permit area is the Hiawatha Seam, which is

separated from the overlying Blind Canyon Seam by between 40 and 110 feet of interbedded
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sandstone, mudstone, and shale. The Blind Canyon Seam ranges in thickness from 5 to 8

feet. In most locations, the Hiawatha Seam has direct contact with the underlying Spring

Canyon Sandstone.

3.3.1.4 Castlegate Sandstone

The resistive Castlegate Sandstone forms a distinct cliff above the Blacklrawk Formation.

The Castlegate Sandstone was deposited by a bed-load fluvial channel system. The unit

lithology is dominated by sandstone with occasional siltstone and claystone interbeds.

Sandstone channels are varied in size and interpenetrate. Sands within the channels are

coarse-grained and can be conglomeritic. Although the primary porosrty is hig[ the

existence of mudstone drapes and pervasive carbonate and silica cement greatly reduces the

overall porosrty. The Castlegate Sandstone ranges from 150 to 250 feet thick within the

study area.

3.3.L.5 Price River Formation

The Price River Formation forms a series of ledges and slopes above the precipitous cliffs of

the Castlegate Sandstone. It ranges in thickness from 600 to 700 feet in the study area and

consists of poorly cemented argillaceous sandstone that is easily eroded. The depositional

environment of the Price River Formation is a mixed-load fluvial channel systern, which

created interbedded sandstone and shaleiclaystone layers. This unit was deposited on a

coastal plain and as a result contains thin lenses of channel sands and thin, discontinuous coal

beds.
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3.3.L.6 North Horn Formation

The North Hom Formation overlies the Price River Formation and consists of reddish-brown

and grayish-brown mudstone with interbedded siltstone, sandstone, and limestone.

Limestone beds are dark gray, dense, thin-bedded, and locally fossiliferous. The deposition

of the North Hom Formation was in alluvial plain, lacustrian, and fluvial channel

environments. Because sand occurs mostly in fluvial channels, mudstone is more abundant

than sandstone. Sandstone channels are isolated spatially by overbank mudstone deposits

and lacustrian clays. The Norlh Horn Formation is about 800 feet thick within the study area.

3.3.1.7 Flagstaff Limestone

The Flagstatr Limestone overlies the Price River Formation and consists of freshwater

limestrrnes wittr some marls and thin sandstone s;ringers. It typically forms a steep cliff at

the top of the Wasatch Plateaq and forms the top of Genty Mountain within the study area.

The thickness of the Flagstatr Limeslcne on Genfiy Mountain has not been measured but

varies in other locations from 10 to 300 feet. The Flagstaff Limestone contains abundant

secondary fractures produced during uplift and subaerial exposure.

3.3.2 Strucfure

Rock layers within the study area are nearly flat, with an approximate regional dip of 2 to 3

degrees to the south and southeast (Brown and others, 1987). The western portion of the

study area includes portions of the Pleasant Valley Graben, a complex north-south frending

stucture consisting of several parallel or sub-parallel faults. Individuat faults within this

structure show displacements on the order of 20 to 200 feet. The Pleasant Valley Graben is
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4.0 PHYSICAL I{YDROGEOLOGY

Within the study arcU groundwater naflrally discharges from the Flagstaff Limestone, North

Hom Formation, Price River Formation, lower Blackhawk Formation, and each of the three

tongues of the Star Point Sandstone (Table 1). No significant groundwater discharge has

been identified from the Castlegate Sandstone, upper Blacklrawk Formation, or Mancos

Shale. Groundwater is also encourtered in mine workings in the Blackhawk Formation. The

discharge characteristics and the spatial and statigraphic occwrence of groundwaters in the

study area are discussed below. Monitoring locations and details are listed in Table 1.

4.1 Spring discharge rates

The combined discharges of springs discharging from the geologic formations within the

study area are plotted on a bar gaph in Figrne 6. In Figrre 6a, the bar lengths represent the

sums of the maximum recorded discharges for all springs in an individual geologrc

formation. Figure 6b shows the minimum discharges measured for springs in the individual

geologic formations. Thus, Figure 6a represents the murimum grortrdwater discharge rate

from each formation during the high-flow season, while Figure 6b represents baseflow

groundwater discharge rates during the low-flow season and during periods of drought.

There is a large variation between the combined discharge rate for all formations during high-

flow conditions, approximately 1,000 gpffi, and the baseflow rate of only 135 gpm. The

more tttan seven-fold decline in discharge rates drring the low-flow season reflects the

importance of seasonal recharge and climatic variability to groundwater systems in the area.

Investigation of groundwater and surface-water
systems in the C.'W. Mining Company
coal leases and fee lands

25 June 2001
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Figure 6 Plot of combined discharge rates from each formation.
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Mayo and Associates, LC

krdividual geologic formations respond different$ to seasonal precipitation and climatic

variability. Spring response values ("R-values") are presented for each geologic formation in

Table 2. The "Max Q" column represents the sum of the maximum recorded discharges (in

gpm) for all of the identified springs in ttre formation. The "Min Q" column represents the

sum of the lowest recorded flows (in gpm) for all of the identified springs in the formation.

The R-value represents the ratio, expressed as a percentage, of measured minimum discharge

to maximum peak discharge for each formation. The larger the R-value, the more constant

the discharge from the formation. Very low R-values are indicative of groundwater systems

in which discharge declines geatly during the late swnmer and fall months or during

droughts.

Table 2 Malcimum and minimum discharge rates for erch formation

Max Q Min Q R-Value
Flagstaff Limestone
Flagstaff Limestone/North Horn Formation
North Horn Formation
Price River Formation
Castlegate Sandstone
Blackhawk Formation
Spring Canyon Sandstone
Storrs Sandstone
Panther Sandstone
Mancos Shale

5
6
13
2
0
4
2
1

2
0

168
221
224
22
0
125
,Tu
186
0

2.5
6,0
29
0
0

7.55
0.5
r{

89
0

1.50/o
2.70/o
12,90/o
0,0%

6,0%
3.2%

*:'/,

A discussion of groundwater discharge characteristics from each

geologic formations in the study area is presented below. Spring

representative springs in each geologic formation are presented in

of the water-bearing

discharge hydrogaphs for

Figure 7.

Invest igat ion of  groundwater and surface-water
systems in the C.W. Mining Company
coal  leases and fee lands
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4.1.1 Flagstaff Limestone Springs

The distribution of Flagstaff Limestone springs is limited to ttre highest elevation areiu on

Genty Mountain. Hydrographs are available for four springs that discharge from the

Flagstaff Limestone in the study area @igures 7a tluough 7d). These springs include 16-8-7-

3, 16-8-18-4, 16-8-18-5, and SBC-19. Each of these springs displays large variations in

discharge rates from the high-flow season during the annual snowmelt event to the low-flow

season in the late summer and fall months. The R-value for Flagstatr Limestone springs

Q.5%) is among the smallest calculated for any of the geologic formations (Table 2\,

indicating that these springs have the greatest dependence on seasonal recharge. Each of the

Flagstaff qprings has been observed to be dry on occasions. Commonly, nuximum spring

discharge rates are measwed during ttre first sampling event of the yeffi when the spring sites

are first accessible after the melting of winter snows. When the Flagstatr Limestone springs

are revisited during subsequent monitoring events during the year, the springs are commonly

dry (e.g.springs 16-8-7-3 and 16-8-18-4). Exceptions to this condition occasionally occur

during extended wet spells. This type of spring response indicates that the storage capacity

of the limestone rock is low and/or the groundwater flow velocities are high. Groundwater

tavel times (from recharge location to discharge location) are less than one year. This

condition occurs because groundwater flow in limestone rock occurs primarily within

fractures, where groundwater can flow rapidly under conduit flow conditions. Groundwater

storage does not occur in the bulk (pore spaces) of the rock as commonly occrns in clastis

rocks. Rather, storage is limited to the volume of interconnected fiactures within the rock.

Because grourdwater flow velocities are high and the storage volumes are small, the

formation drains rapidly after the recharge (seasonal snowmelt) ends. In the future, it will

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal  leases and fee lands
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likely be common for these springs to be completely dry during periods of prolonged

drought.

4.1.2 Flagstaff LimestoneNorth Hom Formation Transition Springs

Seven springs discharging near the contact with the Flagstaff Limestone and the Norlh Hom

Formation have been routinely monitored for flow in the study area. These springs include

16-7-1-6, SBC -I2,16-8-20-1, FBC-12, SBC-18, SBC-16, and SBC-15. All of the discharge

hydrographs (Figures 7e through 7k) for these springs display large seasonal fluctuations in

discharge, with an R-value of 2.7o/o (Table 2). Five of the seven FlagstatrNforth Hom springs

display large variability in seasonal discharge rates but have more gadual yearly discharge

declines. The delayed release of the annual recharge is attributable to the presence of clastic

rocks (primarily sandstone channels) near the surface and colluvium at the surface. These

materials allow storage of water in the springtime (during the snowmelt event) and a more

gradual release of the water as these sediments are slowly drained. Each of these springs has

ocsasionally been dry, or discharged at less than about l0% of their peak discharge rates,

dring low-flow conditions and in dry years. This suggests that tlre groundwater systems ttrat

support these springs are generally small in size (i.e., the amount of groundwater in storage is

generally less than one year's discharge).

Two of the FlagstaflNorth Hom springs (16-8-20- 1 and SBC- 16) exhibit discharge

characteristics similar to those of the Flagstaff Limestone springs discussed above. It is

likely that these springs do not have much communication with the more porous rocks and

colluvium of the upper North Hom Formation.

Invest igat ion of  groundwater and surface-water
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4.1.3 North Horn Formation Springs

Discharge hydrographs (Figures 71 through 7v) are available for I I springs that discharge

from the North Horn Formation in the study area. These springs include 16-7-12-6, 16-8-5-1,

16-8-6-1, SMH-4, SMH-2, SMH-1, FBC-6A, FBC-6B, FBC-7, FBC-8, and SMH-3. All of

these springs show large seasonal variations in discharge rate, with all but two of the North

Hom Formation springs having a maximum flow at least 10 times the minimum measured

flow. Maximum discharge rates are typically measured during Jure or July shortly after the

peak of the annual snowmelt event. However, only three of the North Horn Formation

springs have ever been observed to be completely dry. Most of the North Horn Formation

springs monitored in the area appear to have a baseflow component that is less than l-2 gpm.

This information suggests that 1) North Hom Formation springs are principally recharged by

the annual snowmelt event, 2) groundwater storage volumes are small relative to the ability

of the formation to tansmit water, 3) widely scattered sandstone channels and colluvium of

the North Hom Formation facilitate some storage and delayed release of recharge water

throughout much of the yeffi, and 4) North Hom Formation groundwater systems are not part

of a regional groundwater system.

Because of the small storage capacities of North Horn Formation groundwater systems,

springs discharging from the North Hom Formation are very sensitive to changes in climate.

There is generally good correlation between spring discharge hydrographs and the plot of the

PHDI (Figure 3) for the region. During periods of extended drought, the discharge rates of

most springs discharging from the North Hom are expected to decline dramatically. Many
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springs may cease flowing entirely after the colluvial material and sandstone rocks that

support the springs have completely drained.

4.1,4 Price River Formation Springs

A discharge hydrograph (Figure 7w) is available for only one spring (FBC-9) in the Price

River Formation in the study area. This sprin& and one other spring for urhich discharge data

are not available (FBC-3), ffie located in the Trail Canyon drainage. On a single occasion in

August I99I, a large discharge (greater than 20 pm) was measured at FBC-9. However, on

all six subsequent monitoring events the spring was dry or discharged only about 1 gpm. The

geat variability in the discharge rate at this spring suggests ttrat tlre groundwater system

wtrich supports this spring is small, and that the storage capacity of this system is small

relative to the rate at wtrich groundwater can discharge from the system. Thus, this

groundwater system is not part of a large regional system.

Generally, the lack of springs in the Price River Formation suggests a lack of hydraulic

communication between higher elevation groundwater recharge areas on the Flagstaff

Limestone and Norttr Horn Formation and the rocks of the Price River Formation.

4.1.5 Blackhawk Formation springs

Groundwater discharge from the Blackhawk Formation (excluding water encountered in the

mine) is limited to outcrop arein in the southem half of the study area. Spting discharge

hydrographs (Figures 7x through 7m) are available for four springs ttrat discharge from the

lower Blacklrawk Formation in the study area. These include springs 16-s-8-5, CS- l, TS- 1,
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and FBC-l1. Each of these springs shows large seasonal fluctuations in discharge rates, with

the maximum discharge commonly exceeding the minimum discharge by several times.

The R-value (6.0%) of groundwater discharge from the Blackhawk Formation indicates that

the baseflow component of springs in the Blackhawk Formation is small relative to high-flow

discharge rates. The fact that there is a 94o/o decrease between the maximum and minimum

discharges suggests that the Blackhawk Formation groundwater systems from which the

springs discharge are generally small, local groundwater systems that are highly dependent

on seasonal recharge. This suggests that the Blackhawk Formation groundwater discharging

along the southeastem margins of the study area has not migr:ated deep beneath the highlands

of Genty Mountain. Rather, these groundwater qystems are likely shallowly-circulating

systems with both recharge areas and discharge areas occurring in the southeast portion of the

study area.

4,1.6 Star Point Sandstone Springs

Relatively few springs issue from the Star Point Sandstone in the study area. Four Star Point

Sandstone springs have been monitored by C.W. Mining. These include BP-l and SBC-14,

which issue from the Spring Canyon Sandstone, ffid Big Bear Spring (SBC-4) and Birch

Spring (SBC-5) which issue from the Panther Sandstone. Two other Star Point Sandstone

springs, Defa #1 and Defa #2, bave also been identified in lower Bear Canyon. These springs

discharge from the Storrs and Panther sandstones, respectively. The discharge hydrographs

for BP-l and SBC-14 are shown in Figures 7bb and 7cc. The discharge hydrograph of Big

Bear Sptittg is shown in Figure 8 and the hydrogr4ph of Birch Spring is shown in Figure 9.
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ln the vicinity of the Bear Canyon Mine, and throughout the Wasatch Plateatr" groundwater

discharge from the Star Point Sandstone generally occurs from faults and fractures.

Significant groundwater discharge from diffiise flow from the Star Point Sandstone is rare.

This is because the relatively low primary porosity of the sandstone rock is generally many

orders of magnitude less than the secondary porosity associated with the fracture systems.

Where diffirse discharge from the sandstone does occur, these discharges are commonly

limited to small seeps.

Spring BP- 1 from the Spring Canyon Sandstone discharges small quantities of groundwater

(less than 1 gp-) and has seasonal variations in discharge, suggesting that it is related to a

local groundwater system. Spring SBC-14 also discharges from the Spring Canyon

Sandstone. The discharge from this spring varies from 0.5 to 15 gpm, suggesting that it is

highly influenced by seasonal precipitation and is not derived from deeper, bedrock-derived

gtoundwater sources.

Groundwater discharge from the Panther Sandstone is anomalous in that it is not as

influenced by seasonal groundwater recharge events or by climatic variations to the extent

that discharge from each of the other geologic units is. The R-value for the Panther

Sandstone (47.8%) indicates that nearly half of the high-flow marimum discharge may

persist throughout the year.
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Big Bear Sprittg and Birch Spring are of particular significance in this investigation because

th.y are rmporlant culinary water supplies to adjacent municipalities. The discharge

characteristics of these two springs are discussed below.

Big Bear Spring (SBC-4)

Big Bear Spring discharges from a set of fractures near the base of the Panther Sandstone.

Maximum historic flows at Big Bear Spring have exceeded 350 gpm while a baseflow of

approximately 100 g)m has persisted even during periods of prolonged drought.

Discharge data are collected by the Castle Valley Special Service Disfict. The district's data

@ersonal Communication, Darrel Leamaster, 1998, 1999) are plotted on Figure 8 and are

tabulated in Appendix A. The hydrograph of Big Bear Spritrg (Figure 8) shows prominent

seasonal discharge peaks from 1980 through 1986. Figure 8 also shows a graph of the PI{DI

for Utah Region 5. The first large peak indicated by the data occurred in 1980, the first wet

Yetr, following a severe regional drought during the late 1970s. Large discharge peaks were

measured in each yea.r from 1983 through 1986. These peaks corespond to an intense wet

period that the region experienced during that time. That large seasonal discharge peaks are

seen in the data intimate that these peak discharges are likely supported by a local

system (i.e. a qystem with a short flow path from recharge areato discharge area

and a small storage volume).

Peak discharges ended and a gradual diminution in flow began about 1987. These events

correlate with the onset of a major regional drought in the late 1980s (Figure 8). The gradual
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flow recession continued until about 1990 when the spring discharge rate somervtrat

stabilized between 100 and 120 gpm. This approximate baseflow rate persisted throughout

the remainder of the drought period (1990-t 993) and beyond. That such a large and fairly

stable baseflow component was sustained through the drought periods suggests that a more

extensive (longer flow path) and/or more buffered (larger storage) groundwater system

supports the baseflow component than supports the seasonal peaks.

The region began to experience a moderate wet cycle starting n 1993 and continuing to the

present. Despite the wetter climatic cycle, the large seasonal peak discharges tlrat previously

occurred have not been observed at Big Bear Spring. However, starting in about 1993, much

smaller seasonal peaks in discharge began to occur. These peaks are somewhat muted (i.e.,

the peaks on the discharge hydrograph are not as sharp or as high) relative to those occurring

before 1986. Additionally, whereas the seasonal peaks in discharge rate at Big Bear Sptitrg

before 1986 commonly occurred in June or early July, the yearly peaks after 1993 have

occurred in the fall months (September to November). The relationship between the small

seasonal peaks now observed and the large seasonal pea.ks observed previously is uncertain.

It seems unlikely that the recent lack of seasonal discharge peaks from Big Bear Spring is a

delayed response to drought conditions. As indicated on Figure 8, a large discharge peak

occured during the first wet year (1980) following ttre drought of the late 1970s, indicating

that peak discharges should have returned during the first wet year following the drought of

the late 1980s. The likely explanation for the lack of large seasonal peaks is that the water

that once supported the sharp yearly peaks has been diverted to another location because of
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some physical change at some point in the groundwater system. This change could have

been caused by a number of factors including natural changes, catastrophic events (such as

the eartkrquake that occurred on 14 August 1988), or mining-related activities. A more

detailed examination of the cause of the loss of large seasonal peak discharges is presented in

Section 8.1, following the presentation of solute and isotopic data in subsequent sections.

Birch Spring (SBC-f)

Birch Sptittg discharges from a fracture zone near the base of the Panther Sandstone in lower

HrHrtington Canyon. Discrete discharge occurs from several individual fiactures and diffi;se

discharge occurs along a sapping front at the base of the Panther Sandstone. Spring boxes

have been constructed around the water-bearing fractures and a french-drain-like system

collects diffise flow. Since the spring was first developed in the 1970s, it has been necessary

on several occasions to excavate and rework the collection system due to decreasing flows

resulting from plugging in the system (Informal Conference, 1997).

There are three sets of discharge data for Birch Spring. During 1978-79, the USGS

(Danielson and others, 198 1) made meunurements of spring discharge (labeled by the USGS

as (D-16-6) 26BCA-SI). The Star Point Mine MRP (1996) reports spring discharge data for

the period 1985 to 1997.It is reported (IDOGM, 199S) that these data were obtained by

Star Point Mine persorulel from an individual who worked for NEWUA but ttrat these datn

are not available through NEWUA. The third set of dnta is that on file at NEWUA and was

obtained by C.W. Mining. The USGS data may be incongruous with the latter data because

of redevelopment of the spring in 1980 and 1984. The Star Point Mine and the NEWUA data
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do not agree between about 1986 and 199I. Because discharge data are irreconcilable and

possibly incongruous, it is prudent to use caution when interpreting the discharge data from

Birch Spring. Neverlheless, all three sets of data are plotted on Figure 9 and are tabulated in

Appendix A. Also shown on Figure 9 is the PI{DI for Utah Region 5.

The first available discharge measurements were made in 1978 and 1979, at the end of a

major regional drought. The meaurements made during 1978 showed little seasonal

variation and ranged from 19-23 gpm. The discharge reported for June and July 1979 are

about hatf (9-10 gpm) of the discharge observed in 1978. During August tlrough October

1979, discharge (19-2 1 gpm) was comparable to that observed n 1978. Because there is

consistency in all of the 1978 discharge measurements and the latter 1979 measurements, we

suspect that the early 1979 data is questionable. This is important because if the early 1979

measurements are excluded, the data indicate a constant baseflow of about 20 gpm. Because

this occurred during a drought cycle, this baseflow is likely being derived from an extensive

groundwater system.

Discharge measurements are not reported in any data set between 1980 and 1985. The Star

Point Mine MRP data begin in January 1985. Monthly measurements in the Star Point data

are constant (81-89 gpm) between January 1985 and July 1988. This time period

coffesponds to the end of the wet cycle of the early to middle 1980s and the onset of the

drought of the late 1980s. That these data show no fluctuations either due to season or an

abrupt shift in climatic pattems is suggestive of baseflow discharge and lack of
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communication with nearby recharge areas. Three data points in the NEWUA data during

this time show fluctuations between 30 and 70 gpffi, suggesting a possible seasonal influence.

The Star Point Mine MRP data show an abrupt increase in the discharge rate of Birch Spring

in August 1988. The timing of the abrupt increase in discharge correlates with the

occuffence of a magnitude 5.3 earthquake that occrured in the San Rafael ar:ea on August 14,

1988 (Star Point MRP, 1996). Shortly following the earthquake, discharge measured in

Birch Spring rose from 81 gpm to 133 gpm. By the beginning of 1989, discharge rates at

Birch Spring had retumed to near pre-earthquake levels. A similar discharge increase at this

time is reported (Star Point MRP, 1996) for the free-flowing Tie Fork Wells located on

Genty Mountain immediately north of the study area, These wells are completed in a

fracture zone in the Spring Canyon Sandstone. Thus, it seems likely that the fracture system

from which Birch Spring discharges was impacted in some way by the 1988 earthquake.

The Star Point Mine MRP data indicate that following the abrupt peak associated with the

1988 earthquake, discharge rates at Birch Spritrg fluctuated significantly until late 1990 and

included a four month period (October 1989-January 1990) when the reported discharge was

230 gpm. During this time the NEWUA data show a discharge of 100 gpm. Although there

are no apparent explanations for the previous disagreements between the Star Point MRP and

NEWUA da@ this discrepancy may be a function of how the measurements were taken. Mr.

Jack Stoyanoff of NEWUA explained at the Informal Conference (1997) that when this peak

discharge occurred there was also groundwater discharge from the cliff areas above the

spring and water flowing in the ephemeral sffeam near the spring. Stoyanoff noted that the
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flow in the steam was 120 gpm and the flow in the spring box had increased from 40 gpm to

about 110 gpm. The sum of these flows is 230 gpffi, the value reported in the Star Point

Mine MRP data. This suggests that the discharge in the NEWUA data set (100 gpm) is likely

the flow from the spring boxes only and that the Star Point MRP data may include both the

discharge from the spring collection system and the cliff faces.

The cause of the large increase in discharge is not known and has been the subject of

protracted scrutiny. That the increased discharge observed in 1989 and 1990 occur during the

middle of the drought of the late 1980s and early 1990s, suggests that the increase is not

climate related.

A flow meter was installed in the Birch Spritrg collection system in 1991 and after this time,

the Star Point Mine MRP and the NEWUA data are in good agreement. These data indicate a

slow steady decline from about 34 gpm in January l99l to 15.5 gpm in August 1998. During

this time, spring discharge data do not show indicatiors of either seasonal or climatic

influence. As shown on Figure 9, the drought period ended in 1993 and the region has

generally had wet conditions since ttrat time. In September 1998, part of the spring collection

system was unearttred and the spring boxes were exposed. The combined discharge from the

exposed spring boxes and the unearthed portion of the system was 25 gpm (Personal

Communicatioq C. Reynolds, 1999), indicating that plugging of the pipes in the qpring

collection system is partially responsible for decreased spring flow. It is suspected that pallu

of the decreased discharge from Birch Spring is attributable to diversion of water to nearby

arezn. Groundwater seeps below Birch Spritrg @etween Highway 33 and Huntington Creek)
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arc reported @ersonal Communication, C. Reynolds, 1998) to be flowing only recently. At

least one of these seeps has a stable isotopic affinity for water discharging from Birch Spring

(Section 5.4). This sugges8 the possibility that the present water collection system at Birch

Spring is not capturing all of the discharge from the area-

The fast that recent discharge from Birch Sprittg does not show significant seasonal variation

suggests that the qystem from which the spring originates is a large, butrered

grorlrdwater system. The radiocarbon age of the groundwater discharging from Birch Spring

(Section 5.3) is 1,700 to 3,600 years old, indicating that either groundwater travel times are

slow or the distances from recharge area to discharge area are large. The titium contents of

water discharging from Birch Spring are low (0.35-1 .12 TU) suggesting that the grourdwater

qystem that supplies Birch Spring is for the most part hydraulically isolated from the surface.

Given these two conditions, groundwater that contains little titium and has antiquity, we

expect that discharge from this groundwater qystem would" over time, have a constant

baseflow component. Although the data are ambiguous, two baseflow rates are suggested by

the data. First, the USGS data from 1978-1979 suggest a baseflow of about 20 gpm.

Following redevelopment in 1984, discharge, according to the NEWUA datry was 30 gpm in

Septernber 1986. Following the installation of the in-line flow meter in 1991, the initial

discharge was 33 g)m. After part of the spring collection system was unearttred in 1998, a

flow of 25 gpm was measured. These data suggest that the baseflow discharge is about 20-30

gpm. Fluctuations from this likely arise from collection difficulties. Second, the Star Point
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Mine MRP data suggest a baseflow component of about 80 gpm. The relationship between

these two apparent baseflow discharge rates is uncertain.

Possible relationships between mining at the Bear Canyon Mine and the fluctuations in flow

seen at Birch Spring are examined in Section 8.2, following the presentation of solute and

isotopic data in subsequent sections.

4,2 In-mine groundwater occurrence

The mode of occurrence of groundwater in the Bear Canyon Mine and in the mines on

Genty Mountain immediately north of the study area (the Star Point Mine and the Hiawatha

Complex) provides insight into the nature of groundwater systems of the Blackhawk

Formation dop within Genty Mountain. A brief history of the encorlrtering of grorlrdwater

during mining operations is presented below.

4.2.1 Bear Canyon Mine

Mining at the Bear Canyon Mine begun in 1982. Three seams are mined at the Bear Canyon

Mine. Inflows to each of these seanrs are described below. Discharge hydrographs for

significant groundwater inflows in the Bear Canyon Mine are presented in Figure 10. The

locations of mine inflows in the Bear Canyon Mine are shornrn on Figures 11 a

through 11 c.
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Blind Canyon Seam workings

Prior to mining in the Blind Canyon Seam, natural goundwater discharge from the

Blackhawk Formation occured at a spring (SBC-7) near the mine enfance. The discharge

hydrograph for SBC-7 is presented in Figure 1 Oa. The first recorded flow measurement at

SBC-7 was taken in March of 1988 at 18 gpm. The dischatge at SBC-7 did not display

significant seasonal variation, varying by only about 1 gpm. By September 1988, the flow

had dropped to 14 gpm. Discharge at SBC-7 continued to decline until the spring ceased

flowing entirely by February of 1990.

The first significant groundwater encountered in the Blind Canyon workings wils at SBC-8 in

the East Bleeder section (Figure 1 1a). SBC-8 originated from the mine roof and discharged

at approximately 18 to 21 gpm (Figure 10b). During 1988 and 1989, the total groundwater

discharge from the mine workings consisted of SBC-7 (1S gtrlm) and SBC-8 (13-21 gpm) for

a combined discharge of approximately 40 pm.

In August 1989, as mining progressed norlhward in the Blind Canyon Seam, mining

operations approached the margins of a large sandstone channel in the mine roof By

November 1989, large roof drips began to be encountered in the mine roof. In August 1989

the discharge at SBC-8 dropped to 12 gpm, and by February 1990, both SBC-7 and SBC-8

had gone dry. The fact that both SBC-7 and SBC-8 went dry shortly after the sandstone

channel was drained or depressurized suggests that some of the groundwater at SBC-7 and

SBC-8 was likely related to tlre groundwater in the sandstone channel.
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Because of poor coal quality in the vicinity of the sandstone channel, mining was not

continuous in the area. Rather, as coal market conditions fluctuated, it was periodically

economically feasible for coal mining operations to retum to the sandstone channel area.

Thus, lateral coal mining advances toward the sandstone channel occurred on several

occasions. Groundwater from saturated river-bank deposits on the margins of the sandstone

channel was first encountered in the mine roof 1,400 feet laterally from the main channel.

When mining operations advanced laterally toward the sandstone channel, water would drip

from the mine roof, However, these roof drips commonly dried up rapidly after they were

first encountered. Typically, after mining had advanced about two cross cuts from a water

inflow, flow from the roof drips would completely cease behind mining operations.

The fact that the discharge from the roof drips near the sandstone channel at SBC-9 declined

rapidly, and eventually ceased entirely, suggests that the groundwater systems from which

the discharge occurred are not in good hydraulic connection with recharge areas at the

surface. This also suggests that the grormdwater is not part of a Large, continuous aquifer.

The discharge hydrograph for SBC-9 is presented in Figure 10c. The first flow measurement

taken at SBC-9 (the sandstone channel) was in February 1990. A flow of 720 gpm was

measured at that time. Subsequent measurements taken between 1991 and 1994 indicate that

the discharge from the channel fluctuated zubstantially during that time. The rapid increases

in the discharge rate from SBC-9 correlate with the timing of mining advances into the

sandstone channel. When mine workings first intersected the sandstone channel, water was

rapidly drained from the channel. Most of the water emanated from roof bolt holes and from
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fiactures in the mine roof. When mining in an area ceased" the flow from tlre area gradually

declined. Thus the fluctuations in the discharge from SBC-9 between I99L and 1994 arc

more the result of variabilif in mining operations than a result of conditions in the channel

itself

Since about 1994, the flow from the sandstone channel at SBC-9 has steadily declined. The

steady decline suggests that the sandstone channel is gradually being drained. From the

initial encounter of the sandstone channel in August 1989 until late April 1993, groundwater

inflows to mine workings orcurred primarily from river-bank deposits associated with the

sandstone charurel in the mine roof, On 27 April L993, mine workings intersected the main

body of the sandstone channel. The presence of the sandstone channel precluded further

mining development to the north.

During I99I, as mining in the Blind Canyon Seam progressed in the 2nd East Norttr section

east of SBC-9 Oigure 1 la), water wN encountered in a segment of the same sandstone

channel from which SBC-9 discharges. Initial inflows at this site (known as SBC-10) were

approximately 250 gpm. The discharge hydrograph for SBC- 10 is shown on Figure 10d. It

is likely ttrat ttre portion of the sandstone channel from uilrich SBC-10 originates is isolated

from the main channel at SBC-9. When the discharge from SBC-10 occurred" the discharge

at SBC-9 was not impacted. By 1993, the discharge from SBC- 10 had declined to about 40

gpm. By October lgg4, the discharge had diminished to approximately 20 gpm. The site

became inaccessible after May 1995. In 1997 , water began to discharge from the gob area at

the head of the lst East section. This source is identified as SBC-13 (Figure 1 la). It is
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believed that the water at SBC-13 is water from SBC-10 that has filled the gob area and is

now spilling out the top of the system @ersonal Communication, C. Reynolds, 1999). The

discharge from SBC-13 (which averages approximately 20 gpm) is similar to that which was

discharging from SBC-10 before it became inaccessible.

An analysis of historic mine water discharge rates at the Bear Canyon Mine suggests ttrat the

mine has not intercepted a large continuous aquifer system, or a system which receives

constant recharge from overlying horizons. Historic mine water discharge rates are plotted

against the cumulative tons of coal mined at the Bear Canyon Mine in Figrre 12. The

cumulative tons of coal mined is used as a surrogate for the total open volume of the mine. If

the mine workings intercepted a large aquifer system or a zone of constant recharge, it would

be anticipated that the mine water discharge would increase in proportion to the size of the

mine workings. For example, a large diameter well with a long well screen will produce

more water ftan a small diameter well with a short well screen. That this is not the case

suggests that the mine has intercepted a series of perched groundwater systems that are

isolated from recharge areas. Because there is little recharge to the perched systems, they are

rapidly drained and the discharge ceases.

Tank Seam workings

The mine workings in the Tank Seam are dry and dusty in almost all locations urhere it has

been mined, and it is necessary to import water for dust suppression. However, groundwater

has been encountered in a few locations in the Tank Seam workings. In one isolated location,

a small groundwater inflow of approximately 0.5 gpm occurred from a sandstone channel in
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the Tank Seam workings. However, after a few months this inflow dried up. During the

springtime months, a small groundwater inflow into ttre Norttr Nfains section of the Tank

Seam mine occurred. The inflow, which was estimated at less than 10 to 15 gm, occurred

adjacent to a fault in an area that had recent$ been subsided as a result of mining in the

underlying Blind Canyon Seam. The water leaked into the mine in a location ttrat was not

accessible. A small sump tilled in the springtime months, then drained out in the summer

and fall months. This seasonal inflow pattem is likety relakd to the fact that the Tank Seam

was being mined after the r:nderlying Blind Canyon Seam had been mined and subsided (i.e.

mining was occurring in the zfrne impacted by subsidence-related, upwardly-prop agafng

fractures). During 1999, the inflow into ttre Norttr Mains section did not occur. This

suggests that *re subsidence-induced fractures have been filled with sediment or with

swelling clays and are no longer conduits to groundwater flow. The fact that more than 99Yo

of the total mined area in the Tank Seam w€N completely dry when it was mined indicates

that there is no widespread downward migration of groundwater through the Tank Seam that

could be recharging underlying groundwater formations.

A small roof drip in the North Bleeder of the Tank Seam was sampled as part of this

investigation (T.S. North Bleeder; Figwe I lb). This roof drip discharged about 0.5 gpm

from small sandstone channel in the roof, This inflow dried up several months after it was

encountered.
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Hiqwatha Seam workings

During mining operations in the Hiawatha Seam (the lowest coal seam), individual

groundwater inflows never exceeded about five gallons per minute. krdividual sources dried-

up shortly after being encountered in the mine. A single sample was collected from SBC-ll,

a groundwater inflow in the Hiawatha Seam, which had a flow rate of approximately 5 gpm.

This location is adjacent to well DH-l A, which is completed in the Spring Canyon

Sandstone, which directly underlies the Hiawatha Seam in the region. The water level in

DH-IA was approximately five feet below the elevation of the coal seam. This suggests that"

as mining progresses northward, the mine workings may pass below the local pressure

surface on the Spring Canyon Sandstone, ffid upwelling of groundwater throrrgh the mine

floor mav occur.

4.2.2 Hiawatha Complex

The Hiawatha Complex, located immediately north of the Mohrland are4 includes the

workings of the Blackhawk, Mohrland, Hiawatha, and King mines. Many of these workings

are interconnected and groundwater discharges from this complex to the surface via the

Mohrland (King No. 2) Portal, the downdip end of the complex. Limited information

regarding the groundwater occrurence in these workings is contained in the Hiawatha Coal

Company MRP (1992). In this permit it is noted that large groundwater inflows to mine

workings in the past have occurred where mine working have encountered the Bear Canyon

Fault and that discharge from the fault probably accounts for most of the water present$

being disclrarged from the Mohrland Portal.
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In the King No. 4 Mine, a westem development encountered the Bear Canyon Fault and an

inflow of approximately 100 gpm occurred from the floor of the mine. In the King No. 4

Mine, water has also been observed draining from the roof near the portal during years of

high spring runoff No ffirmation is found in the Hiawatha MRP (1992) to indicate whether

the discharge rate of inflows to the King No. 4 Mine declined over time.

At one time, water which accumulated in the Blackhawk Mine was pumped to the portal and

discharged. Discharge of water from the portat ended when bulklreads were broken in the

mine and water was diverted to the Mohrland Portal. Recent$, Hiawatha evaluated the

possibility of diverting the discharge from the Blacklrawk Mine from the Mohrland Portal to

the Blackhawk Portal @ersonal Communication, C. Reynolds, 1999). However, it was found

in the old workings that groundwater discharge from the Blackhawk Mine workings is now

just a tickle.

4.2.3 Star Point Mine

The Star Point Mine workings are north and east of the study area. lnformation about

groundwater inflows to these workings are reported in the Star Point Mine MRP (1996). It is

reported that east of Genty Ridge, much of the mine inflow water discharges from sandstone

paleochannels. These inflows may initially be large (greater than 5 gpm) but drop off

rapidly. Larger mine inflows (20-100 gpm) were generally associated with the westem

boundary fault of the Genty Ridge Horst.
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4.3 Potentiometric data

Cross sections have been previously consfructed (EarthFax, 1997) showing potentiometic

surfaces for each of the three members of the Star Point Sandstone in the vicinity of the Bear

Canyon Mine (Figures l3a and 13b), These maps are based on water level information from

wells (Appendix A) in and adjacent to the mine permit area and on the locations of springs.

Generally, it has been our experience in the Wasatch Plateau coal field that these maps are of

limited value because of the lateral discontinuity of groundwater systems. However, in the

relatively small region of the Bear Canyon Mine, the potentiometic surface m4ps may be

representative of actual conditions in the members of the Star Point Sandstone.

- As discussed in Section 4.I.6, groundwater flow in the Star Point Sandstone occurs primarily

in fiacfures. A lesser amount of flow occurs in the intergranular spaces of the sandstone.

Therefore, in interpreting the potentiomeffic surface ffiapS, it is necessary to understand

whether the Star Point Sandstone wells used as confol points are representative of conditions

in the fracture system or the diff.ne, intergranular qystem. It is unknown whether the wells

used as control points encountered significant, water-bearing fractures or whether they

encowrtered only unfracflred sandstone. Because this is unknovnl there is some ambiguity

in the interpretation of the potentiometric surface maps. However, some important

conclusions can be made based on these maps.

First, the fact that distinct pressure surfaces exist in each of the members of the Star Point

Sandstone suggests that there is not signfficant hydraulic commurication between the

sandstone members. If groundwater were leaking downward in significant quantities across
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the members of the Star Point Sandstone and the formation as a whole was acting as a single

aquifer in good communication with the surface (i.e. an unconfined system), it would be

anticipated that there would be pressure eqtahzation between all three members.

Second, the hydraulic gradients of the three members of the Star Point Sandstone in the

vicinity of the mine suggest that groundwater flow is primarily horizontal beneath the mine

area. In each member, the slope of the potentiometic surface is such that the hydraulic head

is greatest in the norlh and declines toward the south, where the members are exposed at the

surface. This suggests that flow is predominantly horizontal, from the norlh toward the

south. This is consistent with anticipated groundwater flow characteristics in interbedded

higher permeability and lower permeability rocks. In the rock sequence of the Wasatch

Plateau, horizontal hydraulic conductivity commonly exceeds the vertical hydraulic

conductivity by one or more orders of magnitude.

The ages of grorxrdwaters (Section 5.3) in the Blackhawk Formation and Star Point

Sandstone in the vicinity of the mine also support the idea that groundwater flow in these two

formations is predominantly horizontal. Groundwater discharging from the sandstone

channel in Blind Canyon Seam, which makes up approximately 95% of the total discharge

from the mine, is approximately 1,500 years old. Groundwater in the underlying Spring

Canyon Sandstone sampled from DH-z, approximately 2,200 feet south (down-gradient) of

the sandstone channel is only about 1,000 years old. This suggests that there is not vertical

communication between these two systems. If this were the case, groundwater atDH-Z

would be expected to be older than that at the sandstone channel.

Invest igat ion of  groundwater and surface-water
systems in the C.W. Mining Company
coal  leases and fee lands

64 25 June 2001



Mayo and Associafes, lC

Analysis of the water level hydrographs for the four wells completed in the Spring Canyon

Sandstone directly beneath the Bear Canyon Mine indicates that groundwater systems there

are not influenced by seasonal recharge. Water level hydrographs for the four in-mine

piezometers in the Star Point Sandstone are shown in Figure 14. Three of the wells @H-1 A,

DH-3, and DH-4) show relatively stable or slightly increasing water levels through time,

while DH-2 shows a slightly declining tend. Because no significant quantities of

groundwater have been removed from the Star Point Sandstone, it is highly unlikely that the

responses in the Star Point Sandstone wells are the result of the extaction of water from the

formation. Rather, we suspect that ttrese responses are more likely the result of the

redistibution of sffesses and confining pressures on the Star Point Sandstone resulting from

mining activities in the overlying Blackfiawk Formation.
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5.0 SOLUTE AND ISOTOPE CIIEMISTRY

Analysis of the solute and isotopic compositions and concentrations of waters in the study

area is helpful in understanding the interrelationships between groundwater systems.

5.1 Explanation of chemical reporting units and tems

Reporting units are milligrams per liter (mg/l) and milliequivalents per liter (meq/l) for ionic

solutes and per mil (960) for stable isotopes. Stable isotopic reference standards are Standard

Mean Oceanic Water (SMOW) for 62H and 6t8O, and Pee Dee Formation Belemnite (PDB)

for 613C. The radiogenic isotope tuc ir reported relative to percent modem (1950) carbon

(p-c), and the radiogenic isotope 'H is reported in titium units (n . One TU is equivalent

to 3.2 pCi/l (pica-Curies per liter).

In addition to the familiar mgll concenfation unit, laboratory solute data have been converted

to meq/l for analysis and reporting purposes. The meq/l unit allows direct comparison of

reacting concenffations of cations and anions. Conversion factors between meq/l and mgll

for major ions follow:

ct*
Mgl-
Na*
K-

HC03-
Soot-
CI.

rTrg/l

20 .0
12.2
23 .0
39.r
61.0
{8 .0
35.  s

mpq/l

I
I
I
1
I
I
I
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From the conversion factors it is apparent that heavy anion molecules such as SOn2- and

HCO3- contribute disproportionately to TDS relative to their reacting cation counterparts,

such as Ca2*.

The stable isotopic composition of a sample is reported as the per mil (%) difference of the

sample relative to the isotopic composition of a standard using the delta (6) notation defined

AS:

$=
(Rro 

o," 
- Rrtonaora)

x1000 (%)
(Rrr*-o)

where R -r8O /'uO,'W'H,"Cl2C,and 3oS/32S. The 6 notation is reported in terms of the

heavy isotope in the ratio R (i.e., 6t'C for t'C/t2C).

A summary of the application of isotopic methods to hydrogeologic investigations is

included as Appendix C. Readers who are not familiar with the use of isotopes in

hydrogeologic investigations are encouraged to read Appendix C prior to proceeding with the

remainder of this report.

5.2 Solute chemistry

5.2.1 Chemical reactions

Solute compositions of groundwaters are the result of interactions between groundwaters and

bedrock lithologies and between groundwaters and atnospheric and soil gases. The general

reactions responsible for the chemical evolution of groundwaters in the study and adjacent

areas are described below.
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Groundwater acquires most of its CO,,,, in the soil zone where the partial pressure of CO,

greatly exceeds atnospheric levels. This CO, combines with water to form carbonic acid

according to

CO,,,, * HzO = H2CO3. (l)

Carbonic acid dissociates into H* and HCO; as

H2CO3 = HCo, + H*. (2)

The H* ions tempotatily decrease the pH of the water but are quickly consumed by the

dissolution of carbonate minerals that are abundant in the soil zone and in most aquifers.

Carbonate mineral dissolution is represented as

2H* + CaMg(COr)r: Caz* a Mgt* + 2HCOi,and (3)
(dolomite)

H. + CaCO, :C** + HCO;.
(calcite)

(4)

The net effect of reactions 2 through 4 is to increase the pH and the C**, Md*, and HCOr-

contents of waters. Dissolution of gpsum, which is prese,lrt in many formations in the

regiorq can elevate the Ca* and SOo2- contents in the absence of additional CO,,,, and H*

according to

CaSOu.2HrO : Ct* + SOo2- + zHzo.
(gypsum)

Elevated Na' concentations may result from either the dissolution of halite or from ion

exchange on clay particles or on sodium zeolites. Flalite dissolution will increase the overall

solute concentation (i.e. TDS) and will yield equal Na' and Cl' contents when the solute

compositions are reported in meqil units. Ion exchange will not ditecff elevate the overall

(5)
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and ion exchange may be represented by reactions involving the sodium

2NaAlSirOu.HrO + Ctr - Ca(AlSi2O6)2.HrO + 2Na*, and

solute content but will result in increased Na*

and/or Mg* concentations. Halite dissolution

NaC l :Na*+C l - ,

or clay mineral exchange which may be represented as

C*. * Na-clay - 2Na* + Ca-clay, ffid

Mgt* + Na-clay : 2Na* + Mg-clay.

concenfations at the expense of reduced C*r

may be represented as

(6)

znolite analcime,

(7)

(8)

(e)

(10)

2NaAlSirOu-HrO + Mg'r : Mg(AlSi2O6)2.HrO * 2Na*,

5.2.2 Solute compositions

The mean solute concentations of creeks, springs, wells, and in-mine sources are reported in

Table 3 and illustated as Stitr diagrams in Figure 1.5. Locations of these sampling sites are

shown on Figure 1. In the calculation of mean solute composition, all analyses that had

cation-anion effor balances greater than 15% (Appendix A) were excluded.

The solute concenfiations of waters in the Flagstaff Limestone, North Horn Formation, and

Price River Formation are very similar. The mean TDS concentations of each of these

goups are not distinguishable using a two-tailed t-test analysis. Groundwaters from these

formations are generally calcium-bicarbonate or calcium-magrresium-bicarbonate type

waters. The mean TDS concentration of these waters is about 300 mg/l (Table 3). The solute

concentation of these waters is a result of the dissolution of carbonate minerals in the soil

zfrne and aquifer matix.
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Mayo and Associates, lC

The solute composition and concentration of North Hom Formation spring FBC-6A it

substantially diflerent than the remainder of the springs in the upper formations. Water from

FBC-6A is a magnesium-calcium-bicarbonate-sulfate type water with a mean TDS

concentration of 1,361 mg/l. The chemical composition of this water indicates the

dissolution of carbonate minerals and gypsum. That this water discharges near the discharge

location of SMH-L, n low-TDS calcium-bicarbonate water, suggests that groundwater

discharging from the North Hom Formation is not supported by a large aquifer system, but

instead by a number of small, localized systems that are not in good hydraulic

communication with each other.

With the exception of two spnngs, groundwaters that discharge from springs in the

Blackhawk Formation Ere similar to waters in the overlying formations. These waters are

calcium-bicarbonate type waters with a mean TDS concentation of 3 19 mg/l (Table 3).

Two waters with distinctive solute composition discharge near the base of the Blackhawk

Formation in Bear Canyon just east of the trace of the Bear Canyon Fault. These waters, 16-

7-24-3 and SBC-17, ne magnesium-sulfate waters with elevated TDS (mean about 1,450

mg/l). Similar solute compositions are found in water of the Star Point Sandstone (SBC-14)

and in the Bear Canyon alluvial sediments (well SBC-3), which are derived from the Mancos

Shale. SBC-14 and SBC-3 are also located in Bear Canyon immediately to the east of the

Bear Canyon Fault. The evolution of this distinctive solute composition is problematic, and

the mineralogy of the rocks that contributed to this solute composition is unknown.

25 June 200
systems in the C.W. Mining Company
cbal leases and fee lands 
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Mayo and Associates, JC

Magnesium sulfate (epsomite) is not a common evaporite mineral but may be associated with

these marine rocks.

Groundwater inflows to the Bear Canyon Mine, to both the Blind Canyon Seam and the Tank

Seam, are calcium-magnesium-bicarbonate type waters with mean TDS of 345 mg/l (Table 3;

Figure 15). Waters of the Spring Canyon Sandstone below the workings of the Bear Canyon

mine (DH-2, DH-3, and DH-4) and water discharging from Big Bear Spting have nearly

identical chemical compositions to those waters encountered in the Blind Canyon Seam and

Tank Seam workings. We atfribute the similar solute compositions and concenfations in

mine inflow waters, the Spring Canyon Sandstone, and Big Bear Spring to similar

geochemical evolutionary pathways. However, taken alone, these data might suggest that

these waters are in hvdraulic communication with each other. One indication that these

waters are not in hydraulic communication is tlre solute composition of well DI{- lA. This

well is completed in the Spring Canyon Sandstone and is located only 1,500 feet from DH-3.

Water from this well has a much greater sulfate concentation (124 mg/l) than water from

DH-z, DH-3, and DH-4 (mean : 34 mg/l) and somewtrat higher magnesium, sodium, ffid

potassium concentations. This water appears to be influenced by contact with the Mancos

Shale rocks that occur immediately below the Spring Canyon Sandstone. The fact that water

encountering the Mancos Shale becomes elevated in solute content suggests that water does

not migrate downward from the Blackhawk Formation or the Spring Canyon Sandstone

through the interbeds of Mancos Shale to provide water to the Panther Sandstone.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands
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Moyo and Associqfes, LC

Groundwater inflows to the Blind Canyon Seam and Tank Seam workings have lower solute

and TDS concentations than water encountered in semi-horizontal drill holes drilled across

ttre Blind Canyon Fault. Water on the west side of the Blind Canyon Fault (3rd West South;

Table 3) has a TDS concenfation of 739 mgA compared to 345 mg/l in the waters east of the

fault, and a higlrer sulfate concentation of Ba m{l compared to 39 mg/l east of the fault.

This suggests that waters that are west of the Blind Canyon Fault do not flow eastward into

the area of the Bear Canyon Mine workings. This is also confirmed by observations of dry

fautt gouge material where mine workings encounter the fault.

Similarly, waters that are east of the Bear Canyon Fault likely do not flow into the workings

of the Bear Canyon Mine. As noted above, waters discharging from two springs, 16-7 -24-3

and SBC-I7, onthe east side of the Bear Canyon Fault in Bear Canyon have large

magnesium and sulfate concentations. Waters with similar concentations have not been

encountered west of the Bear Canvon Fault.

Groundwater at in-mine sampling point SBC-13 is collected from a mine sump. That this

water has higlrer concentations of calcium, magnesium, sulfate, and TDS is atfibuted to

exposure to the mine environment and is likely a result of the dissolution of rock dust and tlre

oxidation of pyrite.

Groundwater discharge from the Bear Canyon Mine at NPDES-004 closely reflects the

composition and concentration of water at SBC-9, which is water from ttre large sandstone

paleochannel encountered in the northem extent of the Blind Canyon workings. Mine water

Invest igat ion of  groundwater and surface-water
systems in the C.W. Mining Company
coal  leases and fee lands
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Mago andAssociatesrl9

discharge at the Mohrland Portal has higher concentrations of TDS, calcium, magnesium,

bicarbonate, ffid sulfate than most groundwaters that discharge from the Blackhawk

Formation. The cause of this increased mineratization is likelv due to the interactions of

groundwater with the mine environment.

Most groundwaters in the Star Point Sandstone are calcium-magnesium-bicarbonate type

waters. Exceptions to this generalizatton are waters from wells SDH-I, SDH-2, ffid SBC-14.

With the exception of these three waters, the average TDS concentation of water in the Star

Point Sandstone is 420 mgll. Star Point Sandstone groundwaters are discussed in the

following paragraphs.

Water discharging from Defa #l Spring discharges from the Storrs Sandstone in close

proximity to Big Bear Spring and Defa #2 Spring. Discharge from all thnee of these springs

is fracture-related, but not necessarily from the same fracfure. Water from Defa #1 Spring

has substantially higher concenfations of magnesium and sulfate (Table 3) than do waters

discharging from either Defa #2 or Big Bear springs. What this means is that water tlrat

discharges from Defa #2 or Big Bear Spring is not in good hydraulic communication wittl

water in the rock or fiactures of the overlying Stons Sandstone.

Like water discharging from Defa #1 Spring, water in Bear Canyon Creek at BC-l has higher

magnesium and sulfate concentations than water discharging from Defa #2 or Big Bear

springs. What this indicates is that Bear Canyon Creek is likely not a significant source of

recharge to the Panther Sandstone.
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As noted previously, water that discharges from SBC-14, east of the Bear Canyon Fault is

highly mineralized compared to any water that discharges from the Star Point Sandstone west

of the Bear Canyon Fault. The evolutionary pathway of the chemisury of SBC-14 is

unknown.

Water in wells SDH-I and SDH-2have lower TDS concentrations (260-280 mgll; Table 3)

than other waters in the Star Point Sandstone. When Mavo and Associates collected the

water sample from SDH-2, water in the well bore still contained dri[ing foam (water was

soapy with an elevated pH).We did not collect the sample from SDH-I, but it also has an

elevated pH. Based on these observations we are reluctant to say that the chemisty of these

waters are representative of gror.rndwater conditions in the Star Point Sandstone at these

locations. The fact that residual dtillittg foam was present in these wells may indicate that

there is not sufficient active flow in the Spting Canyon Sandstone in the vicinity of these

wells to disperse the drilling foam. While residual foam could be atributed to inability of

groundwater to mix in the well bore, water extacted from well SDH-3, which was

consfructed in similar mailxer to SDH-1 and SDH-2 and was only sampled once with limited

purging, does not show indications of residual dri[ing foam.

ln October 1998, while the spring collection system at Birch Spring was undergoing repairs,

discrete solute samples were collected from two sources @irch Spring #l Source and Birch

Spring #2 Source) and a composite sample was collected from the remaining sources @irch

Spring Overflow). The designations of these sources are given by NEWUA on the spring

development diagrams (Appendix D). The solute concentrations of Birch Sprittg #1 Source
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and Birch Spring #2 Source are similar to other waters in the Star Point Sandstone. The

concentations of TDS, calcium, magnesium, ffid sulfate in Birch Spting Overflow are

somewhat elevated relative to other Star Point waters. The elevated solute concentations in

Birch Spring Overflow are atffibuted to influence from Mancos Shale rocks.

The impact of groundwater contact with the Mancos Shale is clearly demonstated by the

solute chemistry of SBC-3. This well is consfructed in the alluvium of Bear Canyon at a

point where much of the alluvium is derived from a sliver of Mancos Shale on the east

(upthrown) side of the Bear Canyon Fault (Figure a). The average TDS concenfation of this

water ts 2,842 mgil and has especially elevated calcium, magnesium, sodium and sulfate

concentations.

The baseflow solute compositions and concentations of a given creek reflect the chemisty

of the groundwater discharge within that particular drainage. The water quahty of creeks is

addressed in greater detail in Section 7.0.

5.3 Tritium and Radiocarbon

The concept of grourdwater age is difficult to define because water arriving at a well or

spring seldom fiavels via pure piston flow. Instea{ it is usually a mixhne of water molecules

that recharged at different locations and at different times, and thus water has no unique age.

It is, therefore, best to think of a groundwater 'age' as the mean residenc e time of the water

molecules sampled at the well or spring. Ir this report, the term radiocarbon age ts

synon)rmous with the concept of mean residence time.
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In this investigation, two radiogenic isotopes, titium (3H) and radiocarbon ('oC), have been

used to evaluate mean residence times. Tritium is a qualitative tool indicating if groundwater

has a component of water that recharged since about 1954. Groundwater that recharged prior

to about 1954 will contain essentially no fitium. Radiocarbon provides information

regarding the number of years that have elapsed since the groundwater became isolated from

soil zone gases and near-surface waters. Like titium, radiocarbon can indicate if

groundwater has a component that recharged since the 1950s. Groundwaters with

radiocarbon contents greater than about 50 pmc contain anthropogenic (human-induced)

carbon associated with atnospheric nuclear weapons testing. It is not uncommon for

groundwater issuing from a spring or occuning in a well to be a mixture of old (i.e.

containing no titium) and younger grourdwaters.

The titium and radiocarbon contents of groundwaters in the study area are listed in Table 4

and are discussed below.

Flagstaff, North Horn, Price River, and Blackhm,yk springs

The titium contents of 10 spring waters that discharge from the Flagstaff Limestone, Norlh

Horn Formation, Price River Formatioq and Blacktrawk Formation were measured. Tritium

contents in these springs varied from 12 to 32 TV (Table 4) which indicates that modem

recharge water supports these springs. This is consislent with the seasonal and climatic

discharge fluctuations observed in these springs (Section 4.1). Samples were collected from

five of these springs in both the qpringtime and the fall. Althouglr tritium concentations

varied spatially, concenffations varied only slightly between qpring and fall. What this
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Table 4 lsotopic compositions of creek, spring, well, and mine waters
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suggests is that most groundwater recharge to these particular systems likely occurs as a

single event during the snov-imelt.

Bear Canyon Mine inflows

Three groundwater inflows to workings in the Blind Canyon Seam have been sampled as part

of this and previous investigations. Sampling locations in the Bear Canyon Mine are shown

on Figure 1 1. Samples have also been collected for tritium and radiogenic carbon analysis

fi-om angled test holes drilled from the Blind Canyon workings across the Blind Canyon

Fault. As part of this investigation, a sirmple from a recent inflow to the Tank Seam was

arnlyzed for titium and radiogenic carbon.

The largest groundwater inflow to the Bear Canyon Mine occurred in the norlhem extent of

the Blind Canyon workings. This inflow is associated with a large sandstone paleochannel.

Two sites (SBC-9 and SBC-10) have been established to monitor the qualrty and quantrty of

this water. Samples were collected at both of these sites for titium n 1992. In May and

November 1996 and in January 1999 samples were collected directly from one of numerous

roof drips contibuting water to SBC-9. These samples are designated SBC-9 Source.

Water from this sandstone channel contained little titium (0.36 to 0.87 TU) wtren sampled in

1992 and 1996. A radiocarbon age of 1,400 years was calculated for water collected from

SBC-9 Source in November 1996. However, when sampled in January 1999, the titium

concentration increased to 3.62 TU and the radiocarbon age increased to 2,200 years. What

this suggests is that the groundwater system supporting the discharge from the sandstone
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channel was not in active hydraulic communication with the surface prior to being

encountered by mining. The increased tritium content measured in January 1999 is possibly

the result of induced downward migration of surface water along a small fault in the Bear

Canyon Fault Zone, both sides of which have been subsided. The increase in the radiocarbon

age of the water is atfributed to induced flow from some other part of the sandstone

paleochannel that c,ontained older water.

A small inflow from the roof in the 3rd West Bleeder of the Blind Canyon workings was

sampled in May and November 1996. The sample contained no tritium and had a

radiocarbon age of about 500 years. This suggests that ttris inflow was not in active

hydraulic communication with the surface.

A large sandstone channel that yielded water was encountered in the northern extent of the

Tank Seam workings. This water (T.S. North Bleeder) contained no fitium and had a

radiocarbon age of 1,200 years, indicating ttrat this groundwater system is not in active

hydraulic communication with the surface.

Test holes drilled from the Third West South area of the Blind Canyon workings intercepted

groundwater west of the Blind Canyon Fault. This water was sampled in May 1996 for

tritium. The nitium content of this water was 2.2 TU. However. in December 1996, water

discharging from these holes contained no titium. Because one of the test holes encountered

the soil zone, ttre titium content of the water in \zIay 1996 is atfributed to snowmelt water

entering this test hole. Consequently, the December 1996 sample is more representative of
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groundwater in the rocks west of the Blind Canyon Fault. The radiogenic carbon content of

this water was measured in a sample collected in November 1996. The calculated

radiocarbon age of this water is 5,400 years. The disparity between the radiocarbon ages of

water encountered west of the Blind Canyon Fault and groundwater inflows to the Bear

Canyon Mine suggests that the Blind Canyon Fault is a hydraulic barrier.

Star Point Mine groundwater inflows

One sample of a groundwater inflow to the Star Point Mine was collected by Cyprus Plateau

Mining Company (Star Point MRP, 1996). This sample was from a roof drip in the Wattis

Seam workings. This sample had a radiocarbon content of 34 pmc. We have calculated the

radiocarbon age of this water using a linear mixing model @earson and Flanshaw, 1970) to

be 2,500 years. (The Star Point MRP (1996) reports the radiocarbon age of this water as

8,670 years; this is an incorrect age because the necessary corrections have not been applied

to account for the contibution of dead carbon from the dissolution of carbonate minerals in

the groundwater system.)

Mohrland Portal Discharge

Groundwater discharging from the Mohrland Portal in Cedar Canyon was sampled for titium

and radiogenic carbon in June and October 1998. Water discharging from these abandoned

mine workings contains 5.5 TU and has a radiocarbon age of 9,000 years. This indicates that

the water is a mixture of modem waters with waters in excess of 9,000 years old. We suspect

tlrat the modem water component enters the mine working wtrere the overburden is ttrin

and/or may be related to water that was diverted (until 199 1) from Miller Creek into ttre
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workings of Hiawatha #2 Mine which were used for water storage, (Hiawatha MRP, 1992).

The old component is likely associated with the Bear Canyon Fault, which has been

identified as the sowce of much of the water discharging from the Mohrland Portal

(Hiawatha MRP, 1992).

Spring Canyon Sandstone wells

Three wells completed in the Spring Canyon Sandstone have been sampled for titium and

radiogenic carbon. Well DH-2 was drilled from the Blind Canyon workings of the Bear

Canyon Mine. Water from this well, sampled in November 1996, contained no nitium and

had a radiocarbon age of 900 years. Wells SDH-2 and SDH-3 were drilled from the surface

and were sampled in June 1998. Water from these wells contained essentially no tritium and

water from SDH-3 had a radiocarbon age of 3,000 years. A radiocarbon age for water from

well SDH-2 could not be calculated because of the residual influence of drilling foam in the

well. (Water from the well formed soap bubbles when extracted from the well; dfficulty in

pumping water from 1,600 feet precluded purging of the well.) This is indicated by the

urusually negative 6t3C value (-25.6) and elevated pH (10.0).

These data indicate that groundwater in the Spring Canyon Sandstone is not in active

hydraulic communication with the surface.

Big Bear Spring (SBC-4), Defa #1 Spring, and Defa #2 Spring

Groundwater discharging from Big Bear Spting was sampled for titium in April 1992, May

1996, and in May and October 1998. Radiocarbon contents were measured in May and
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October 1998. Groundwater sampled from Big Bear Spring had tritium contents ranging

from 14 to 17 TU and radiocarbon contents of about 55 pmc. The calculated radiocarbon age

of water from Big Bear Spring is modem.

As noted in Section 4.1.6, discharge from Big Bear Sprirg has two components, a seasonal

component that is likely derived from local systems and has a residence time less than one

YQffi, and a more constant baseflow component that is part of a larger system with a longer

residence time and a large storage volume. Isotopic analysis of water from Big Bear Spnng

has occurred only recently and data are available for the baseflow component only. The

titium and radiogenic contents of Big Bear Spring suggest that the baseflow component is

itself comprised of two components: a recent component, which does not show large seasonal

discharge fluctuations and a component with some antiquity.

The titium content and calculated radiocarbon age of water from Big Bear Spring is

consistent with modem recharge waters encountered in springs discharging from the

Blackhawk Formation and higlrer shatigraphic units. However the relatively low radiogenic

carbon content of Big Bear Spring (55 pmc) coupled with a large titium content (14 to 17

TtI) suggests tlrat the baseflow component of Big Bear Spting is a mixed water. It can be

obsenred in groundwaters that discharge higher in the section that large titium contents (12

to 30 TtI) are accompanied by radiogenic carbon contents rangrrrg from 77 to 97 pmc. This

is expected because ffitium contents greater than about 8 to 10 TU and radiogenic carbon

contents significantly greater than about 50 pmc are aresult of afinospheric nuclear weapons

testing (anthropogenic source). That a water contains anthropogenic titium yet has a small
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antlropogenic radiogenic carbon content suggests that mixing of waters with different

residence times has occurred.

Two springs rnrhich discharge near Big Bear Spring were recently sampled in an effort to

better understand groundwater dynamics of the Star Point Sandstone. These springs have

been designated Defa #1 and Defa #2 springs. Defa #l Spring discharges from the Stons

Sandstone and Defa #2 Spring discharges from the base of the Panther Sandstone. Like Big

Bear Spring, both of these springs contain titium yet do not contain appreciable

anthropogenic radiocarbon. Defa #1 Spring has a radiocarbon content of 53 pmc which

yields a modem calculated radiocarbon age. Defa #2 Spring, however, has a radiocarbon

content of 42 pmc and a calculated radiocarbon age of 1,600 years. Thus, like Big Bear

Spring, both of these springs discharge mixed water.

Because of the proximity of Big Bear Spring and Defa #2 (about 500 feet) and because they

discharge from the same stratigmphic horizorU these waters may be related. This being the

case, it can be surmised that the older component of water discharging from Big Bear Spring

has a residence time greater than 1,600 years. If we make the assumption that water

discharging from Big Bear Spring and Defa #2 Spring are mixtures of the same old water and

the same modem water, only in different proportions, a regression analysis yields the

approximate radiocarbon content of the old portion of the water. This analysis suggests that

the old portion of the water has a radiocarbon content of about 32.5 pmc. A linear mixing

model @earson and Hanshaw, 1970) yields a radiocarbon age of 3,500 to 4,500 years for the

old portion. Because of the urcertainty in the assumptions used to derive the residence time
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of the old portion of water in Big Bear Spring, we view this radiocarbon age only as a

suggestion of what the actual age might be.

The differences in the radiocarbon contents and solute compositions and concenfiations

(Section 5.2.2) of Defa #1 and Defa #2 springs suggest that ttrere is little hydraulic

communication between the Stons Sandstone and the Panther Sandstone due to interbedded

shale separating these two sandstones. Both of these springs are fiacture-related, and so this

hydraulic disconnect appears to be operative even in fracture-contolled systems.

That Defa #1 and Defa #2 springs contain a significant portion of older water suggests that

the water discharging from these springs is not likely the same water *rat previously provided

a portion of the seasonal flow component previously seen in Big Bear Sprittg.

Birch Spring (SBC-|)

A composite sample of groundwater from Birch Spring was sampled for ffium in April

1992 and May 1996 and for fitium and radiogenic carbon in May 1998. In October 1998,

while the spring collection was undergoing repairs, discrete samples for tritium and

radiogenic carbon were collected from two sources and a composite sample was collected

from the remaining three sources. Except for the lgg2 sample, water from Birch Sprittg

contains less than 0.5 TU and has calculated radiocarbon ages of 1,100 to 3,600 years. The

1992 sample contained 1.12 TU. The small quantrty of titium in water from Birch Spring is

likely ttre result of mixing of older water with modem recharge water. These data are

consistent with observations reported in Section 4.I.6 that the discharge from Birch Spting
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does not show seasonal discharge variations and is tikely supported by a more extensive

groundwater system than those that support qprings higher in the section.

Radiocarbon data from the discrete sources supplying water to the Birch Sp.itrg collection

qystem lend insigtrt into the hydrodynamics of the fiacture flow groundwater system that

supports ttre spring. Groundwater from Birch Spring #l Source has a radiocarbon age of

3,600 years r,vhile groundwater from Birch Spring #2 Source has a radiocarbon age of 2,500

years. These spring sources discharge from fiactr:re planes separated at the discharge point

by aborx 10 feet. The sample designated Birch Spring Overflow is a composite sample of the

remaining three sources and had a radiocarbon age of 1,100 years. What the differences in

these radiocarbon ages suggest is that the fiactrne qystem supporting this discharge is not

well inter-connected and that individual fiactures may convey water independenfly of each

other. There is likely little or no lateral communication between parallel fiactures.

Bear Canyon Alluvium

The fitium and radiocarbon contents of SBC-3 (Table 4) indicate a modem origin of water

from well SBC-3, which is completed in the alluvium of Bear Canyon near the mine.

Creeks

Tritium concentations of two creeks in the sfudy arca, Bear Creek and Cedar Creelg have

been measured (Table 4). Expectedly, waters from these creeks have modem titium

concenfrations. Unexpectedly, Bear Creek water had a relativd low radiocarbon content

(57.9 pmc) relative to spring waters in the Flagstaff Limestone, North Hom Formation, Price
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River Formatioq and Blackhawk Formation (77-97 pmc). This combination of large titium

content and relatively low radiocarbon content was interpreted to mean a mixed water in Big

Bear and Defa #l springs. This might sugges! therU that groundwater with antiquity may

discharge to Bear Creek, perhaps from the Bear Canyon Fault However, the discharge in

Bear Creek, on26 May 1998, the day that this sample, was taken was 290 gpm, indicating

tJ:mrt a large fiaction of the flow wurs snowmelt derived. Additionally, the stable isotopic

ratios (Section 5.4) of this sample of Bear Creek water are not consistent with waters having

a mixed origln Thus, the meaning of the titium and radiocarbon data for Bear Creek is

problematic.

5.4 Deuterium and Orygen-l8

The stable isotopic ratios of deuterium (S'H) and oxygen- 18 (6tEO) of water falling as

precipitation ure determined by the temperature at which nucleation of the water droplet

occurs. The stable isotopic compositions of waters are usually analyzed relative to the

Meteoric Water Line (MWL). The MWL is empiri"atly derived from the worldwide plotting

locations of coastal zane precipitation and is defined by the equation 62H: 8 618O + 10 (See

Appendix C for further discussion of the MWL). On a plot of 62H vs. 6tto, precipitation that

forms under cooler conditions will plot more negative than precipitation which forms under

warmer conditions.

In addition to the nucleation temperature of the water molecule, several other factors may

affect the isotopic composition of recharge water. These factors include rainout and

orographic effects and the sublimation of snow prior to the springtime snowmelt.
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Except for unusual conditions such as geothermal heating above about 100oC, tlre 62H and

Et*O composition of a groundwater is set at the time of recharge and is not affected by

subsurface conditions such as residence time and mineral dissolution and precipitation

reactions. In other words, the recharge and flow history of a groundwater can be evaluated

independently of the solute content of the water.

The 62H and 6tEO ratios of surface waters and groundwaters in the study area are reported in

Table 4 and are plotted on Figure 16. All these waters plot near the MWL indicating a

meteoric origin (i.e. rain and snow).

The stable isotopic ratios of groundwaters in the study area are dMded into three groups as

indicated on Figure 16. Group 1, indicated by blue symbols, is comprised of waters with

6t8O ratios greater than about -16.50/oo. These waters are from creeks, Flagstaff Limestone,

North Hom Formation, Price River FormatiorU Blackhawk Formation springs, and from the

Bear Canyon alluvium well. Group 2, indicated by red symbols, includes waters having 6t8O

ratios less than about -I6.5yoo. These waters are from in-mine sources, wells in the Spring

Canyon Sandstone, ffid Birch Spring (SBC-5). The waters of Group 3 are denoted by green

symbols and are waters tkrat have isotopic ratios that are fiansitional between Gronp 1 and

Gtorrp 2. Arnlysis of these groupings and two exceptions to these goupings, Birch Spring

Lower West Seep and BC-Z, are discussed below.

Waters of Group 1 are modem waters while all of the waters belonging to Group 2 ne waters

with antiquity. That Group 2 waters plot more negative than waters of Group I is interpreted
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to be a reflection of paleoclimate (i.e., cooler climatic conditions of the past). The relative

plotting locations of these groups is not a reflection of differences in the elevation of

precipitation formation. If the differences were attributable to groundwater recharge

occurring at lower elevations where the Blackhawk Formation and Star Point Sandstone crop

out, the stable isotopic ratios of the Blackhawk Formation and Star Point waters would be

more positive than waters falling as precipitation higher in elevation. That these waters can

be distinguished based on their stable isotopic ratios indicates that Group 2 waters are not in

active hydraulic communication with Group 1 waters, meaning that Grovp 2 waters are

essentially isolated from surface waters and near-surface groundwaters.

Among waters of Group 1, the stable isotopic ratios of Flagstaff Limestone and North Horn

Formation springs vary spatially. However, the seasonal Gpring versus fall) difference

between the stable isotopic ratios is small compared to the seasonal difference observed in

the stable isotopic ratios of creeks in the study area. A similar phenomenon is noted in

fitium contents (Section 5.3) and suggests that recharge to these groundwater systems mostly

occurs as a single event during the snowmelt and that little recharge occurs from rainfall.

Waters of Group 3 include the waters identified in Section 5.3 as being a mixture of modem

waters with waters having antiquity. Specifically, these waters are Big Bear Spring, Defa #1

spring, Defa #2 spring, ffid discharge from the Moluland Portal. That the waters of Group 3

have isotopic ratios intermediate between Group 1 and Group 2 waterc further supports the

idea that these groundwaters are a mixtue of modem and old groundwaters.
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Bear Creek has been considered as a possible source of water to Big Bear Sprittg. However,

the large difference in stable isotopic ratios between waters from BC-l and Big Bear Spting

strongly suggests tlrat Bear Creek does not contribute a significant quantlty of water to Big

Bear Spring. That the stable isotopic ratios of water from BC-z in January 1999 ue

consistent with the stable isotopic ratios of Group 2 is a reflection of the contibution of mine

water discharge to Bear Creek.

Analysis of stable isotopic ratios in water from Birch Spring (SBC-5) and two seeps below

the spring to the south indicate ttrat at least one of these seeps is directly related to Birch

Spring. Water discharging from the lower east seep has a stong isotopic atrnity for Birch

Sprittg water. However, water in the lower west seep has the most positive stable isotopic

composition of any water in the study area. This water may likely be related to Huntington

Creek and may also have undergone some evaporation.
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6.0 GROUNDWATBR SYSTEMS

6.L Regional picture

The whole of Genty Mountain is for the most part hydraulically isolated from other areas of

the Wasatch Plateau. Figure 17 shows the geology of Genty Mountain and adjacent areas.

Huntington Canyon to the west and south of Genty Mountain is cut down to the Mancos

Shale and Castle Valley to the east is developed on the Mancos Shale. We do not believe

that water can be transmitted through the Mancos Shale into Genty Mountain. Thus, Gentry

Mountain is hydraulically isolated on the wesf south, and east from adjacent areas, including

the highlands of East Mor:ntain to the west. To the nortlL Genty Mountain can only be

hydraulically connected to other portions of the plateau vLa a naffow neck of land about two

miles wide between Nuck Woodward Canyon on the west and Comer Canyon on the east

(Figure 17). What this indicates is that all grourdwater in Genty Mountain either 1)

originated as precipitation on Genty Mountain, or 2) is water that was tansmitted into

Genty MorHrtain through the narow nesk of land on the north.

We have charasterued two general types of groundwater systems in Gen@ Mountain. These

systems are

Perched groundwater systems, and

Star Point Sandstone fracture-flow groundwater systems.

We employ the concept of a "groundwater system" in our discussion. A groundwater system

includes a recharge area and mecfranism, a flow path, and discharge arca and mechanism. By

characterizing types of groundwater systems, we describe a collection of gror.rndwater
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systems that operate in a similar fashion but are not necessarily connected to one another

hydraulically.

6.2 Perched groundwater systems

A perched groundwater system occurs where rocks of low permeability irnpede the

downward percolation of water and cause gtoundwater to accumulate above the low

permeability horizon. Thus, there is an unsaturated zone beneath the perched groundwater

system. This situation is common in the rocks of Wasatch Plateau and Book Cliffs because

of the existence of relatively permeable channel sandstones that are interbedded with low-

permeability mudstones and shales.

Perched groundwater systems occur in the Flagstaff Limestone, North Horn Formation, Price

River Formation, and Blackhawk Formation. In the Flagstaff Limestone groundwater

systems are primarily supported by flow in fractures which terminate at the contact with the

top of the North Horn Formation. [n the North Horn, Price River, and Blackhawk

Formations, perched groundwater systems exist in both the intergranular spaces and the joints

and fractures of sandstone channels. Based on discharge rate and isotopic information, two

types of perched groundwater systems can be discriminated. The terms 'active' and

'inactive' (Mayo and others, 1 997) are used to describe these groundwater flow systems,

which are discussed below.
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Active groundwater tlow systems

Active groundwater flow systems have good hydraulic cornmunication with recharge iueas

and have small storage volumes because of limited lateral and vertical extent. Thus these

systems are dependent on arutual recharge events and are affected by short-term climatic

variability. Groundwater in these systems circulates shallowly and has short flow paths.

Active perched groundwater systems support the springs that discharge from all of the

bedrock formations except the Star Point Sandstone and the Mancos Shale. It has been

suggested (Mayo and others, 1997) that the active groundwater flow systems extend about

500 to 1,000 feet into cliff faces where flow is controlled by fractures and channel sands.

Further into the cliff faces the discontinuous character of channel sands prevents active

groundwater flow. The vertical movement of groundwater in the active zone is commonly

limited to 100 to 200 feet. Active groundwater flow systerns contain abundant tritium and

anthropo genic radiocarbon.

Inactive groundwater flow systems

Inactive perched groundwater systems are not in good hydraulic communication with

recharge and discharge areas. Consequently, the flux of groundwater through these systems

is small enough that waters in these systems have measurable antiquity (500-9,000 years in

the Gentry Mountain area). Such inactive systems occur in sandstone paleochannels of the

Blackhawk Formation and ilre encountered by mine workings or drill holes. When

encountered by mine workings sandstone channels usually drain quickly, indicating poor

hydraulic communication with recharge areas. The large inflow to the Blind Canyon Seam in

the Bear Canyon Mine (Section 4.2) isfrom a large sandstone paleochannet. Water from this
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sandstone paleochannel contained no tritium when first encountered and had a radiocarbon

age of 1,400 years (Section 5.3). Short lived groundwater inflows were also encountered in

the Star Point Mine (Section 4.2.3).

In addition to antiquity and the lack of tritium, there are other indications that the waters in

the perched inactive groundwater systems of the lower Blaclqfrawk Formation are not in good

communication with recharge areas on the top of the plateau. First, the lack of springs in the

Price River Formation, Castlegate Sandstone, and upper Blackhawk Formation suggests that

water is generally not being transmitted downward through North Horn Formation rocks.

Second, springs in the lower Blackhawk Formation are scarce, and the discharge from those

that do issue from the formation is dependant on seasonal recharge (Section 4.1), suggesting

that these systems are recharged locally.

In our experience, most fault-related groundwater inflows to mine workings in the Wasatch

Plateau and Book Cliffs appear to be supported by water draining from a sandstone channel

which is cut by the fault rather than by water in the fault plane itself, We suspect that the

water that was encountered in the Bear Canyon Fault in the mine workings of the Hiawatha

Complex is likely associated with a large sandstone channel. Otherwise, it is difficult to

envision areservoirof water large enoughto sustain, for such a longperiod of time, the

discharge of water from the Mohrland Portal that has a radiocarbon age greater than 9,000

years.
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6.3 Star Point Sandstone fracture-flow groundwater systems

Fracture-flow groundwater systems exist in the Star Point Sandstone. Although fracture flow

occurs in sandstone units of overlying formations, these fractures are oflimited lateral extent

and do not convey large quantities of water over long distances. The Star Point Sandstone is

a marine shoreface sand deposit that has greater lateral extent than do channel sands in the

overlying formations, and is therefore more capable of transmitting water through fractures

for great distances. Because there are no significant shales or mudstones in the tongues of

the Star Point Sandstone, fracfures in the Star Point can remain open and continuous over

large distances. However, the interbedded shales of the Mancos Shale prohibit significant

groundwater flow between the tongues of the Star Point Sandstone. Natural discharge from

fracture-flow groundwater systems supports two significant Star Point Sandstone springs on

Gentry Mountain. These are Big Bear Spring (SBC-4) and Birch Spring (SBC-S), which are

located immediately south of the existing permit urea-

Analysis of solute, isotopic, and piezometric data suggests that groundwater in the fracture

system at Big Bear Spring is not in communication with groundwaters in overlying horizons.

What this indicates is that groundwater recharge to the Star Point Sandstone fracture-flow

groundwater systems does not occur through the downward percolation of water, either

through fractures or the pore spaces of rocks. Instead, groundwater recharge to each member

of the Star Point Sandstone occurs where that member is exposed at the surface. Both Big

Bear Spring and Birch Spring discharge from the Panther Sandstone; hence, recharge to these

systems occurs where the Panther Sandstone is exposed at the surface. More particularly,

recharge occurs where the specihc fracture set from which a spring discharges is exposed at
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or near the surface. This is indicated by the large differences in radiocarbon ages of

groundwaters discharging from individual fracture planes at Birch Spring. This is also

demonstrated by the fact that only a few of the many fractures visible in the tongues of the

Star Point Sandstone discharge water. If water were being transmitted horizontally in

significant volumes perpendicular to fractures, more fractures would likely support

groundwater discharge. Instead, those sets of fractures that do discharge water are either

endowed with some different quality that allows thern to convey water or, more likely, these

fracture sets have good recharge potential due to exposure at or near the surface probably

near a perennial surface drainage.

Discharges from both Big Bear Spring and Birch Spring have components of water with

different residence times. Big Bear Spring has as least three components, two modern and

one which may have some antiquity. The different sources of Birch Spring have

substantially different radiocarbon ages and there is a suggestion that in the past during wet

periods the spring may have had a component of modern water as well. What this indicates

is that there is not a single recharge location for these fracture-flow systems. The modern

components of these two springs are likely waters that recharged locally and had a relatively

short flow path. Waters with antiquity likely recharged some distance from the spring. We

have not been able to determine, nor do we believe that it is possible to readily ascertain,

where the recharge locations forthese springs are. Possible candidates include some of the

more deeply incised canyons to the north such as Tie Fork and Nuck Woodward Canyons

(Figure 17).
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Sustained groundwater discharge from the fracture-flow systems is supported by the Panther

Sandstone and perhaps the Storrs Sandstone. (Although dischargo from Defa #1 Spring has

only been measured once, we suspect that this is likely a sustained groundwater discharge

from the Stons Sandstone.) That sustained discharge is not supported by the Spring Canyon

Sandstone suggests that 1) fractures in the sandstone are not in good communication with

recharge sources, 2) the sandstone may contain, in some location, a fraction of shale that

impedes fracture flow, or 3) there is vertical comrnunication along fractures between the

tongues of the Star Point so that most discharge is from the lowest sandstone. Because only

two fracture sets in the Panther Sandstone convey water, and only one of these fracture sets

discharges a large quantiff of water (200 gpm), it seems most plausible that fractures in the

Spring Canyon or Storrs sandstones are not in good hydraulic cornmunication with a

signifrcant recharge source just as the remainder of the fractures in the Panther Sandstone are

not in hydraulic communication with recharge sources. As discussed in Section 5.3, water

from Defa #l Spring, which discharges from the Storrs Sandstone, is chemically and

isotopically distinct from water discharging from Big Bear and Defa #2 springs, which

discharge from the Panther Sandstone. All of these waters discharge from fractures within a

500 foot zone. This suggests that water is not being transmitted in significant quantities

between sandstones even where fracfures exist.
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7.0 SURFACE WATER SYSTEMS

The study area is drained by several small drainages (Figure 18). Trail Creek, McCadden

Hollow, Blind Canyon, Bear Creek, and the Left and Right Forks of Fish Creek drain south

to Huntington Creek, a tributary of the San Rafael River. Surface water in the northeastern

portion of the study area drains to Cedar Creek, a tributary of the Huntington Creek.

There are large temporal variations in stream flow within the study area, resulting from

seasonal recharge by storm and snowmelt events. During the snowmelt period, ephemeral,

intermittent, and perennial sheams carry large amounts of runoff water. However, during the

spring and summer, as temperatures rise and the snowpack is depleted, stream flows decrease

considerably or dry np altogether.

The locations of stream monitoring sites are shown on Figure 18. Available stream flow data

are reported in Appendix A and are presented as hydrographs in Figure 19. From these data,

several of the drainages appear to have pererurial flow, including lower Trail Creek, Bear

Creek, and lower Cedar Creek. Upper Trail Creek, McCadden Hollow, Blind Canyon, Left

Fork and Right Fork of Fish Creek, and upper Cedar Creek appear to be intermittent or

ephemeral. The individual drainages ire discussed separately below.

7.1 Trail Creek

Trail Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steepo

withhillsidesranging from 6A%to 80% grades, andthe stream channel ranging from allTo

grade in the lower reaches to 30o/o grades higher up. Strearn flow has been measured since
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Mayo and Associates
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D BC-2 Bear Creek below mine discharge
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mid-1991 at monitoring locations LT-l, UT-l, and FBC-10. Stream flow data for station LT-

I (Figure 19a) suggest that the lower portion of Trail Creek is perennial, while the upper

portion of Trail Creek at and above UT-1 and FBC-10 (Figures 19b and 19c) is intermittent

and dependent on seasonal runoff. The upper intermittent portions of the creek flow across

bedrock and alluvium of the North Horn, Price River, Castlegate, Blackhawk, and Star Point

formations. The intermittent nature of the creek suggests that these formations do not

contribute significant baseflow to the creek. The baseflow in the lower portions of Trail

Creek is likely sustained by discharge from springs in that area, especially spring TS-1.

7.2 McCadden Hollow

McCadden Hollow is a tributary of Trail Creek. The creek and surrounding hillsides are less
I

steep than Trail Creek, with hillsides having 20%ta30o/o grades, and the stream shannel

having a 9 to L0% grade. Stream flow has been measured at monitoring location MH-l, from

mid-1991 through late 1994, and suggests that the stream is intermiffent (Figure lgd). The

stream in McCadden Hollow flows across alluvium and bedrock of the North Horn and Price

River Formations. The intermittent nafure of the creek suggests that these formations do not

contribute significant baseflow to the creek.

7.3 Blind Canyon

Blind Canyon is a tributary of Huntinglon Creek. The creek and surrounding hillsides are

steep, with hillsides having 60%ta90% grades, and the stream channel having a12to25o/o

grade. There are no streamflow or sampling stations in Blind Canyon, but Blind Canyon

Creek is believed to be ephemeral.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

1 l t 25 June 2001



frloyo snd Asgoclolcs, LC

7.4 Bear Creek

Bear Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steep,

withhillsides having 60% to 80% grades, andthe stream channel having a60/o grade in the

lower reaches up to a25% grade higher up. Stream flow has been measured at monitoring

locations BC-l and F,C-Z from early 1991. Stream flow data (Figwes l9e and 190 indicate

that the stream is perennial, both above and below the Bear Canyon Mine, with a base flow

of 30 to 50 gallonsperminute. This base flow is likely sustainedby springs, such as FBC-

12, emerging from the North Hom Formation at the headwaters of Bear Canyon.

Discharge from the Bear Canyon Mine supplements the flow of the Bear Creek. The

contribution of mine water is evident when the upstream (BC-l) and downstrearn (BC-2)

hydrographs are compared.

7.5 Fish Creek

Fish Creek is a tributary of Huntington Creek. Both forks of Fish Creek are steep, with

hillsides ranging from 60% to 70o/o grades, and the stream channels ranging from 8o/o to 15%

grades. Stream flow has been measured at monitoring locations FC- l,FC-z, and FC-3.

Stream flow data (Figures 19g, 19h, and 19i) indicate that both the Left Fork and Right Fork

of Fish Creek are perennial. Both forks of Fish Creek flow across bedrock and alluvium of

the North Horn Formation, Price River Formation, Castlegate Sandstone, Blackhawk

Formation, Star Point Sandstone, and Mancos Shale.
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7.6 Cedar Creek

Cedar Creek is a tributary of the Huntington Creek. The creek and surrounding hillsides are

steep, with hillsides ranging from 45% to 65o/ogrades, and the stream channel ranging from

an 8o/o grade in the lower reaches up to a l5o/o grade at and above the Mohrland Portal.

Stream flow has been measured at monitoring locations CK-l, almost a mile downstream

from the study area, and at CK-z,just upstream from the Mohrland Portal (Figure 1). Stream

flows in Cedar Creek were also monitored at stations 5T-06 and ST-06a, from November

1978 tlrough October 1988, by U.S. Fuel (Hiawatha MRP, 1992). Stream flow data (Figures

19j, 19k, and 191) suggests that the lower portion of Cedar Creek, outside the study area, is

perennial, while the upper portion of the creek is intermittent. The upper intermittent portion

of Cedar Creek flows across bedrock and alluvium of the North Horn, Price River,

Castlegate, and Blackhawk formations. These formations do not appear to contribute

significant baseflow to the upper portion of Cedar Creek, upstream from the monitoring

location at CK-Z.

7.7 Discussion

Most of the recharge to creeks in the study area occurs from springtime snowmelt and

thunderstorms. Discharge rates are variable and many creeks are intermifient, with most

creeks drying up completely in the summer or fall. Perennial streams appear to be supported

primarily by drainage of water from springs near the mapped faults. Away from these faults

creeks tend to be intermittent, suggesting that little water discharges from the bedrock

formations exposed in the study area.
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7.8 Water QualitY

Surface waters within the study area tend to fall into two relatively distinct groups based on

chemistry and rDs. These groups include low TDS calcium-magnesium bicarbonate type

waters and higher TDs magnesiurn-calcium-sulfate-bicarbonate type waters' TDs values

typically range from 200 to 400 mg/l for the low-TDS tJrpe waters and range from 400 to

1000 mg/l for the higher TDS waters. The TDS values of the high-TDS surface waters are

not as high as the TDS values of some of the springs and rnine discharges' Those waters

flowing over rocks of the North Horn, Price River, and Castlegate formations tend to be of

the lower TDS calcium-magnesium bicarbonate type, while waters flowing over the

Blackhawk and Mancos formations tend to be the higher TDS magnesium-calcium-sulfate-

bicarbonate type. Water quality of the various individual creeks is discussed below'

Trail Creek and McCadden Hollow have low-TDS type waters, with the exception of LT-l'

Waters at LT-l show an increase in TDS, magnesium, and sulfate, suggesting a partial

change to the higher TDS type waters. This difference is likely caused by discharge of higher

TDS waters from spring TS-1, located not far upstrearn from station LT-l. During periods of

low flow, thewaterchemistry of the stream at LT-l and spring TS-1 are similar, suggesting

that the bulk of the low-flow water in lower Trail Canyon may be derived from this spring'

Surface waters in Bear Canyon include high-TDS waters at BC-l, ffid intermediate or mixed

waters atBC-Z. The waters atBC-Zhave relatively low TDS values, ranging from 300 to

600, but high magnesium and sulfate concentrations similar to the higher-TDS waters at BC-

Investigation of groundwater and surface-water
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I and elsewhere. Surface waters in the Left Fork and Right Fork of Fish Creek, at stations

Fc-l ,Fc-L,and Fc-3, are all high-TDS magnesium-bicarbonate-sulfate type waters'

Surface waters in Cedar Creek include low-TDS waters at station CK-z, and higher-TDS

sulfate-rich waters fbrther downstream at station CK- 1 . The change in chernistry between

CK-2 and CK-1 reflects the addition of large volumes of high-TDS water discharging from

the Mohrland Mine, as well as streamflow over rocks of the Mancos Shale. As the volume of

water discharging from the Mohrland Mine is significantly greater than the volume of lower

TDS water into which it flows, this discharge degrades the quality of the existing water in

Cedar Creek.
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8.0 MINING-RELATED IMPACTS TO BIG BEAR AI\[D BIRCH SPRINGS

8.1 Big Bear SPring

Big Bear Spring discharges from thebase of thepanther sandstone. The discharge is

collected from several distinct north-south trending fractures that are visible at the surface at

the spring site. Drought-related declines in the discharge rate occurred in the spring in the

late 19g0s. However, after the end of the drought in the early 1990s, the discharge from the

spring failed to return to pre-drought conditions. specifically, the sharp seasonal discharge

peaks that occurred before the drought did not return. Some have suggested that the loss of

the seasonal peaks is attributable to mining activities at the Bear canyon Mine' Several lines

of evidence indicate that this is not the case'

Nearly all of the groundwater encountered during mining operations in the Bear canyon

Mine originated from a sandstone channel in the roof of the Blind canyon coal seam' It has

been postulated that the water that was the source of the seasonal peaks in discharge at Big

Bear Spring originated frorn this sandstone channel. The initial water in the sandstone

channel contained no tritium and had a radiocarbon age of approximately 1,500 years'

Seasonal variations are not associated with the disch rrge from the sandstone channel in the

mine. significant quantities of tritium in groundwater have not been encountered anywhere

in the mine. Although the water that discharges from Big Bear spring has been charactenzed

as a mixed water (Section 5.3), the water that supplied the seasonal peaks at Big Bear Spring

was certainly modern. Thus, the groundwater encountered in the mine could not have

supplied the seasonal water to Big Bear Spring'
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It has been demonstrated that groundwater chemistry is significantly degraded by passing

through the Mancos Shale (sectio n5.2.2). The fact that the chemistry of Big Bear spring

water is not degraded relative to groundwaters encountered in active-zone' near surface

systems, indicates that the waters discharging from Big Bear spring have not passed through

the tongues of Mancos shale that divide the starPoint sandstone. Because all mining in the

Bear canyon Mine occurs above these shale tongues, the source of water to Big Bear spring

cannot pass downward through the mine openings and through the shale tongues' No

significant groundwater was encountered during mining operations in the Hiaw atha coal

seam, which directly overlies the uppermost member of the Star Point sandstone' Thus'

mining in the Hiawatha seam is not a potential mechanism for affecting seasonal flows at Big

Bear spring.

Based on the estimated volume of water stored in the sandstone channel and the radiocarbon

age of this water, it is calculated that under equilibrium conditions the sandstone naturally

discharged at arate onthe order of 1.6 gpm. These calculations are sunrmartzed inFigures

Z0 md Zl. For these calculations it is assumed that, before the mine intercepted the

sandstone channel, there was equilibrium between the recharge rate and the discharge rate in

the gro'ndwater system. Thus, for the sandstone channel to fiIl completely it required about

1,500 years (the time it takes for a slug of water to travel from the recharge area to discharge

area) for the system to go through one filling cycle. Analysis of the discharge hydrograph for

the sandstone channel (sBC-g, Figure 20) suggests that, if the discharge decline follows a

recession similar to what we have observed in other coal mines of the wasatch Plateau' then

approximately 50%of the total volume of water in storage has already drained from the

Investigation of grorurdwater and surface-water
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Under equilibrium, non-mining conditions, Q,n = Qout

Total volume of water drained from sandstone channel
Febru ary 1990 through May 1999 - 616 mill ion gallons

Assuming that channel dewatering is 50% complete
Original vdwne of water in channel = 1 ,232 million gallons

Mean residence time of water in channel = 1,500 years

Maximurn constant recharge rate prior to rnining =

1 ,232 million gallons = 1,6 gpm
1,500 years (7Bg rnillion minutes)

Figure 2l Calculation of the estimated natural discharge rate of the sandstone channel

encountered in the Blind Canyon Seam Workings of the Bear Canyon
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channel and 50% remains in storage. Because we know the volume of water that has

discharged from the channel since it was first opened (approximately 616 million gallons),

and we know that that number represents approxirnately 50% of the total volume, we can

calculate that twice the amount discharged, or I.23 billion gallons, is the approximate storage

volume of the sandstone channel. Because itrequired approximately 1,500 years to recharge

the 1.23 billion gallons, we can calculate a pre-mining equilibrium discharge rate of

approximately 1.6 gpm for the sandstone channel. Recently collected data from the

sandstone channel indicates that the water now discharging from the channel has a

radiocarbon age somewhat greater than that initially encorrntered (Section 5.3). If the older

groundwater age is used in these calculations, ayield of less than 1.6 gpm would be obtained'

The magnitude of the seasonal discharge increases that occurred before 1987 generally

exceeded 100 gpm. Obviously, this estimated natural discharge rate from the sandstone

channel is wholly insuffrcient to account for the seasonal peaks in Big Bear Spring discharge.

Even if the calculated flow estimations were in error by an order of magnitude, the natural

equilibrium discharge rate would only be approximately 16 gpm.

There are insufficient data to definitively determine why the seasonal peaks in discharge have

not returned to Big Bear Spring after the drought ended. However, we believe that it is likely

that the "plumbing system" that facilitates the transmission of seasonal water to Big Bear

Spring may have been impacted by nafural causes. The presence of dry tufa mounds in the

vicinity of Big Bear Spring indicates that at earlier times groundwater naturally discharged at

locations where it does not now discharge. It seems plausible that the magnitude 5-3
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earttrquake (Section 4. I .6) that occurred in the region in 1988 may have facilitated changes to

the fracture network that supplied the seasonal recharge to Big Bear Spring. Significant

alterations in discharge occurred at other Star Point Sandstone fracture system springs in

response to this seismic event. Discharge at the Tie Fork Wells increased almost

instantaneously from 80 gpm to over 130 gpm , a 630/o increase. At essentially the silme time,

NEWUA reports that discharge from Birch Spring increased from 81 to 133 gpm, a 64o/o

increase. At both of these locations, after the sharp increases, groundwater discharge rates

gradually declined over the next few years to rates lower than the pre-earthquake levels. It

seems likely that the seismic event that significantly altered the fracture controlled

groundwater system associated with the Tie Fork Wells and Birch Spring may have also

impacted the fracture-controlled system associated with Big Bear Spring.

8.2 Birch Spring

The hydrograph of Birch Spring (Figure 9) shows two large peaks in 1988 and in 1990' The

hydrograph also indicates possible diminution of flow. The possible relationship between

mining and these events is examined below.

The Bear Canyon Mine permit area is hydraulically isolated from the groundwater flow

system that feeds Birch Spring. Several lines of evidence support this conclusion.

The fracture system from which Birch Spring discharges is isolated from the Bear Canyon

Mine workings by the Blind Canyon Fault, which has approximately 200 feet of offset.

There is no evidence to suggest that quantities of water sufficient to supply the discharge to
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Birch Spring can migrate across this fault. In general, the faults encountered in the Bear

Canyon Mine (including the Blind Canyon Fault) are filled with clay-rich gouge' which is

relatively impermeable to groundwater flow. The Blind Canyon Fault gouge observed in the

Bear Canyon Mine is dry and does not show evidence of having conducted water in the past.

Rather, the fault is believed to act as a barrier to flow. Additionally, the water-bearing

sandstone channel that was encountered in the Bear Canyon Mine is probably completely

truncated by the Blind Canyon Fault. The likelihood that there is anothor peilneable

sandstone channel on the west side of the Blind Canyon Fault that could juxtapose the one

encountered in the mine in three-dimensional space after it had been offset 200 feet seems

remote.

The Blind Canyon Fault partitions the Blackhawk Formation groundwater systems in the

vicinity of the mine. Groundwater sampled from the vicinity west of the Blind Canyon Fault

(3rd West South) had a radiocarbon age of 5,400 years, while groundwater encountered in the

sandstone channel east of the Blind Canyon Fault had a radiocarbon age of approximately

1,400 years. Thus, for sandstone channel groundwater to discharge at Birch Spring, it would

be necessary to flow across the Blind Canyon Fault gauge, then through the 5,400 year-old

water, then emerge at Birch Spring with an age of between 1,100 and 3,600 years. That this

could occur seems highly unlikely.

It has been suggested (IJDOGM, 1999') that there is very little lateral connnunication between

the north-south trending sub-parallel fractures from which Birch Spring discharges. As

discussed in Section 5.3 and 5.4, the isotopic information collected for this investigation
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supports this conclusion. There is substantial variation in both the stable and unstable

isotopic compositions of waters from the different Birch Spring sources (Table 4). This

indicates that, even after more than 1,000 years in the gtoundwater system, the water

contained in individual fracture planes has not mixed with water in nearby, subparallel

fractures. Thus, from the recharge areas to the spring, the groundwater is likely contained

and transported within these fractures. These observations suggest that lateral inflow into the

fractures (i.e. from the sandstone channel encountered in the mine more than LlZ mlle to the

east) does not occur in significant quantities.

As discussed below, it is our opinion that the baseflow of Birch Spring (approximately 30

gpm) has not been diminished. The measured declines in flow are likely the result of

incomplete capture of the entire discharge from the area. Therefore, if the sandstone channel

were the source of groundwater for Birch Spring, it would be anticipated that the discharge

from the spring would decline rapidly after the sandstone channel was first encountered and

began to be depressurized in 1991. That this is not the case suggests that Birch Spring is not

sustained by groundwater from the sandstone channel.

Peakflows

Before August 1988, the data reported in the Star Point Mine MRP indicate that the discharge

from Birch Spring was relatively constant. During the period from August 1988 to late 1990'

the discharge from Birch Spring fluctuated greatly. During this time, the Star Point MRP

data indicate that at least four distinct discharge peaks occurred. As discussed in Section

4.I-6,the beginning of this period of discharge variability occurred in August 1988, which
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correlates closely with the occurrence of an earthquake in the region. A similar effect from

the 1988 earthquake was obseived in the Tie Fork Wells, suggesting that the initial peak

flows and the subsequent instability in discharge from Birch Spring was probably associated

by the earthquake. As discussed in Sectio n 4.2.1, only relatively insignrficant quantities of

water were encountered in the Bear Canyon Mine before August 1988. Therefore, it is highly

improbable that mining operations caused the increased discharge from Birch Spring in late

1988. Thus, the conditions in the groundwater systemthat supports Birch Spring mayhave

changed significantly before any mining-related impacts were possible-

lt is uncertain if the largerpeak in late 1990 is a residual effect of this earthquake. As noted

in Section 4. 1 .6, the large peak that occurs in late 1990 does not appear to be related to

climatic factors because it occurs late in the year during a major regional drought- The peak

event of late 1990 was also accompanied by inflow of sediment to the spring boxes and by oil

and grease and fecal coliform contamination. These observations indicate that the large

inflow to the spring was in good communication with surface water. It has been suggested

IUDOGM, 1998) that the late 1990 peak flow could have been related to 1) water impounded

in the Trail Canyon Mine, 2) water allegedly discharged from the Bear Canyon Mine through

the Blind Canyon Fan Portal, or 3) water pumped into old workings in the southern portion

of the Bear Canyon Mine.

Based on exhaustive examination of discharge, solute, ild isotopic data, we have determined

that the data do not support or refute any of the proposed explanations. Furthermore' we are

of the opinion that the data needed to definitively pinpoint the cause of this peak flow may
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not exist. We do not believe that meaningful new data can now be gathered to resolve this

concern. During the past eight yeirs, no similar discharge event has occurred, leading us to

believe that the cause of the anomalous discharge in late 1990 was transient and that the

conditions leading to this event likely no longer exist.

Diminution offlow

Discharge records suggest two possibly significant decreases in flow. The first possible

decrease is observed in the data reported in the Star Point Mine MRP. These data suggest a

constant baseflow discharge of about 85 gpm between January 1985 and July 1988. The

earthquake that occurred in August 1988 disrupted the baseflow discharge rate and caused

discharge to increase for several months. Following this initial earthquake-caused increase,

there is a general recession between August 1988 and January 1991 to about 34 gpm, if peak

events are omitted. That this represents an actual diminution of baseflow is uncertain

because, as stated in Section 4.1.6, the historical discharge data from Birch Spring prior to

1991 are irreconcilable and possibly incongruous. Discharge data from NEWUA during this

time suggest that the spring discharge may have fluctuated between 30 and 70 gpm. Because

such fluctuations have not been observed since 1991, this suggests that perhaps a seasonal

component of discharge may have been lost. Regardless of whether there was a decrease in

baseflow or a loss of the seasonal component, we believe that all possible explanations are

speculative. Because the decrease followed the earthquake of August 1988, we favor the idea

that the earthquake caused some change in the groundwater system supporting Birch Spring

that resulted in decreased flows. We do not believe that this decline is mining related- We

also do not believe that any new data could be collected that would answer this question.
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The second possible decrease in discharge began in January t99I. The data indicate that

there is a gradual recession from 34 gtrlm in January lggr to 15.5 gpm in August 1998' we

suspect that the decline indicated by the discharge data do not reflect an actual decline in

discharge from the groundwater system that supports Birch Spring. Instead, these data reflect

decreasing effectiveness of the spring collection system. As noted in4'1.6, part of the spring

collection system was unearthed and the spring boxes were exposed in September 1998, and

the combined discharge from the exposed spring boxes and the unearthed portion of the

system was 25 gpm. Additionally, as noted in 5.4, water discharges from seeps below the

spring collection area. Water from one of these springs has a stable isotopic affinity for water

discharging from Birch Spring. The seeps discharge in the flood plain of Huntington Creek

and it is quite possible that more water is also discharging from the alluvium directly to

Huntington Creek. Thus, we propose that there has been no mining-related impact to the

discharge from Birch Spring during the period since the flow meter was installed in the

collection system and reliable flow data have been collected.
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9.0 PROBABLE HYDROLOGIC CONSEQUENCES OF MINING

This section describes the probable hydrologic consequences (PHC) of coal mining in the

current Bear Canyon Mine permit area ("current permit area'') and the wild Horse Ridge area

(..permit expansion area"). The distinction between these two areas is important because,

groundwater systems in these areas are hydraulically isolated from each other by the Bear

canyon Fault. This pHC determiqation is required by R645-30l-728 of the State of Utatt

Coal Mining Rules and appropriate subsections of the rules are referenced below accordingly'

This pHC determination is based on the data and information presented in Sections 1-8 of

this document. A proposed monitoring plan is presented in Section 10 of this report'

The hydrologic evaluationpresented in Section 1-8 of this report also includes the Mohrland

area;however, C.W. Mining is not permitting the Mohrland area at this time.

9.1 Possible adverse impacts to the hydrologic balance (728-310)

9.1,1 Groundwater

In general, there are two mechanisms by which mining in the proposed permit area has the

potential to adversely impact natural groundwater discharge rates from horizons overlying or

rurderlying mine workings. The first mechanism is the direct interception and dewatering of

groundwater contained either in perched systems in horizons directly overlying the mined or

groundwater associated with faults or fractures. The second mechanism is the dewatering of

perched groundwater higher in the stratigraphic section caused by intemrption and

deformation of strata above subsided areas. These mechanisms are discussed below'
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Direct interception of perched groundwater

As described in Sectio n 6.3,most water encountered in the workings of the Bear Canyon

Mine in the current permit area discharges from inactive-flow perched groundwater systems'

Waters in these systems are not in good hydraulic communication with the recharge and

discharge areas. This is indicated by the radiocarbon ages of these waters (500-9,000 years),

the lack of tritium in these waters, and the rapid decreases in discharge rate after a source of

water is encountered (often days to weeks). Although a significant quantity of water has

discharged from the large sandstone paleochannel encountered in the northern extent of the

Blind Canyon Seam workings in the current permit areafor a longer period of time, this

inflow is nevertheless supported by an inactive-flow groundwater system. Discharge from

this channel (measured at SBC-9 and SBC-I0; Figure 10c and 10d) is taking longerto

decrease because of the greater length of that particular channel. Calculations of the steady-

state flux of groundwater in this channel (Section 8.1) suggest that the natural pre-mining

recharge and discharge rates for this channel is less than 2 Wm. The increasing radiocarbon

age of water (Section 5.3) in this channel suggests that increased groundwater recharge to this

channel due to dewatering of this channel is probably not occurring.

In both the current permit area and the permit expansion area, relatively few springs

discharge from the stratigraphic horizons containing the mined coal seams or from horizons

below the coal seams (StarPoint Sandstone). If there were impacts due to waterbeing

encountered in the mined horizon, these are the springs that would be affected.
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Springs in and adjacent to the proposed permit areawhich discharge from the lower

Blackhawk Formation include SBC-7 in the current permit area, and 16-7 -24'3 and SBC- 17

in the permit expansion area. It appears that SBC-7, which previously discharged near the

Blind Canyon Seam portals, may have been affected by encountering water in the Blind

Canyon Seam workings. As described in Section4.2.1, this spring discharged about 18 gpm

and did not display significant seasonal variation, varying by only about 1 gpm' SBC-7 went

dry shortly after the sandstone channel in thenorthern extent of theBlind Canyon Seam

workings was drained or depressurized, suggesting that some of the groundwater at SBC-7

was likely related to the groundwater in the sandstone channel.

Discharge data from springs 16-7-24-3 and SBC-17 are limited, and it is notknownif these

springs have a relatively constant discharge rate that might indicate that they are supported by

an inactive-flow groundwater system. Nevertheless, they discharge from a sandstone horizon

directly above the Blind Canyon Seam. These springs discharge near the surface trace of the

Bear Canyon Fault and may be related to this structure. If these springs are not associated

with the Bear Canyon Fault but instead discharge from perched systems in the Blackhawk

Formation, there is the potential that the flow paths of the groundwater system supporting

these springs may be intercepted by mining in the permit expansion irea. Because the

discharge from these springs (about 5 gpm) is small relative to the baseflow in Bear Creek

(about 50 gpm), the disruption of flow from these springs would not greatly affect the

hydrologic balance of Bear Creek.
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Springs that discharge from horizons below the mined coal seam in the current permit atea

include the panther Sandstone springs (Big Bear, Birch, Defa#1, andDefa#2). Some or all

of the water discharging from the Panther Sandstone springs has antiquity' suggesting a

possible relationship with waters encountered by mine workings. However, as discussed

extensively in Section 8.0, these springs are hydraulically isolated from the groundwater that

has been encountered in the Bear Canyon Mine. Hence, we do not anticipate any impacts

from mining activities in the current permit areaor in the permit expansion area to Panther

Sandstone springs.

Impacts to Big Bear Spring or other groundwater resources in the current permit area due to

mining in the permit expansion area are not expected. These ireas are separated by the Bear

Canyon Fault which likely prevents hydraulic communication from between the west and

east side of the fault. That there is a hydraulic disconnect is indicated by the following:

1 . The vertical offset of the Bear Canyon Fault is approximately 230 feet. It has been

our experience that faults with large displacements in the Blackhawk Forrnation, Star

Point Sandstone, and Mancos Shale are almost always filled with relatively

impermeable fault gouge because of abundant shale and mudstone. This suggests

that the plane of the Bear Canyon Fault is filled with fault gouge. Where the Bear

Canyon Fault is exposed near the headwaters of Bear Canyon, extensive fault gouge

is visible. Fault gouge is generally not capable of transmitting water as demonstrated

by the lack of water in the gouge of the Blind Canyon Fault where encountered by

the Bear Canyon Mine (MRP, AppendixT-J, p. 78).
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If the Bear Canyon Fault is filled with gouge, then the fault is a barrier to flow both

vertically down the fault, laterally along the fault, or pe{pendicularly across the fault'

While, the fault plane itself may not support groundwater or groundwater flow, fault-

associated fractures on either side of the fault may support groundwater flow.

Consequently, any water-bearing fractures east of the Bear CanyonFault are not in

hydraulic communication with fractures west of the fault that may be supporting

groundwater flow to Big Bear Spring.

Z. Groundwater recharge to the Panther Sandstone likely occurs where the Panther

Sandstone is exposed at or near the surface and the little water recharges the Panther

Sandstone from overlying horizons (Section 6.3). Along the Bear Canyon Fault,

adjacent to the Wild Horse Ridge area, the Panther Sandstone is juxtaposed against

the Blackhawk Formation, because of 230 feet of vertical movement along the Bear

Canyon Fault. Consequently there can be no direct hydraulic communication

between the Panther Sandstone west of the Bear Canyon Fault where Big Bear

Spring is located andthe Panther Sandstone east of the fault in Wild Horse Ridge.

3. The rocks in the Wild Horse Ridge area dip to the southeast. Thus, groundwater in

bedrock formations in the Wild Horse Ridge area would naturally flow to the

southeast, away from the Bear Canyon Fault and away from Big Bear Spring-
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4. Two springs, 16-7-24-3 and sBc-17, discharge from the Blackhawk Formation

immediately east of the Bear Canyon Fault in Bear Canyon. A third spring, SBC-14'

discharges from the Spring Canyon Sandstone near the location of the proposed

portals for the Wild Horse Ridge expansion. All three of these waters have elevated

TDS contents relative to Big Bear Spring or water encountered in the Bear Canyon

Mine. These waters also have unusual chemical compositions with magnesium and

sulfate being the dominant ions compared to Big Bear Spring water in which calcium

and bicarbonate dominate (Section 5.2.2). These chemical data suggest that there is

no hydraulic communication between the area east and the area west of the Bear

Canyon Fault.

One spring, SBC-14, discharges from a horizon below the mined coal sezrms in the permit

expansion area. This spring discharges from the Spring Canyon Sandstone in the right fork

ofBearCanyon. Asnotedin Section4.1.6, discharge from SBC-14 fluctuates from 0'5 to 15

gpffi, suggesting that this spring is supported by a local, shallow groundwater system in good

communication with the surface. The discharge fluctuations measured in this spring suggest

nearly all of the discharge from SBC-14 is not supportedby groundwaterthat flows for some

great distance through fractures associated with the Bear Canyon Fault. (Discharge from

such a groundwater system would tend to have a more constant discharge rate.) Thus, this

spring should not be impacted if groundwater associated with the Bear Canyon Fault or

groundwater associated with perched horizons in the Blackhawk Formation is encountered in

mine workings in the permit expansion area.
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We do not expect any additional large groundwater inflows to either the Blind Canyon Searn

or Tank Seam workings in the current permit area. If coal mining recommences in the

Hiawatha Seam workings, there is a potential for water to upwell from the Spring Canyon

Sandstone if mining occurs where the elevation of the coal seam is below the elevation of the

potentiometric surface of the Spring Canyon Sandstone. The inflow rate of this water is

unpredictable. However, we do not anticipate that dewatering of the Spring Canyon

Sandstone will be a significant adverse impact to the hydrologic balance because 1) water in

the Spring Canyon Sandstone has antiquity (Section 5.3) indi catingthat groundwater flow in

the sandstone is not active and2) there are no discernable discharges frorn the Spring Canyon

Sandstone (except the small seqp Bp-l).

Initially rnine workings in the permit expansion area will likely not encounter any large

groundwater inflows. As in the current permit area, large inflows will only occur if mining

encounters a large water-beating sandstone paleochannel. The location of such feafures is

not readily predictable. We anticipate that if a large water-bearing sandstone channel is

encountered, groundwater discharging from the channel will have antiquity and not be part of

an active flow system that supports discernable discharge to the surface.

Direct interception of water associated withfaults

Although groundwater is not associated with the Bear Canyon Fault in the current permit

areL it is not known if this feature will be the source of groundwater inflows when

approached from the east. Although we expect that water associated with the Bear Canyon
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Fault may be part of an inactive groundwater flow system, we recommend that if any water is

encountered an evaluation be made at that time to confirm this supposition.

Although groundwater that may be associated with the Bear Canyon Fault was encountered

in the Hiawatha Complex approximately 5 miles north of the Bear Canyon Mine, it appears

that the Bear Canyon Fault does not convey water from the Hiawatha area to the Bear

Canyon area. Water encountered in the Hiawatha Complex, which now discharges from the

Mohrland Portal, has aradiocarbon age in excess of 9,000 years, which is considerably older

than water in either Big Bear Spring or the Bear Canyon Mine (Section 5.3). Thus, water

inflows to the Bear Canyon Mine or water discharging from Big Bear Spring is not the same

water that is associated with the Bear Canyon Fault in the Hiawatha Complex. What this

means is that if water associated with the Bear Canyon Fault is encountered in the permit

expansion areq it likely will not impact any significant groundwater resource in either the

current permit area or the permit expansion area.

Sub s i d en c e - r e I at e d fr a c turin g a n d d efo rm at i on

The second method whereby natural groundwater discharge rates may be adversely affected

results from intemrption and deformation of strata above subsided areas. Removal of coal

during second mining causes the strata immediately above the mined horizon to cave. Above

the zone of caving, bedrock fractures in response to subsidence. The height of the fracturing

zone can be related to rnining height. A relationship applied at some western coal mines is

that subsidence fractures propagate upward to approximately 30 times the height of the

extracted coal (Kadnuck, 1994). Rock strata above the fracture zone commonly bend rather
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than fracture. Near-surface fractures, which are the result of tension at the land surface

associated with differential subsidence, commonly extend less than 100 feet below the

surface.

In the current permit area, mining has occurred in three seams, the Hiawatha, Blind Canyon,

and Tank Seams. At the Bear Canyon Mine sesond mining occurred in the Blind Canyon

Seam prior to mining in the overlying Tank Seam. This unconventional mining sequence

(i.e. extraction of the lower seam first) provides a unique opportunity to evaluate the integrity

of the strata overlying second mined ireas at a height of about2:50 feet above the Blind

Canyon Seam. Mine personnel report (C. Reynolds, Personal Communication, 1999) that the

Tank Seam was intact and that vertical fractures did not extend as high as the Tank Seam.

Some existing fractures were opened or loosened. Subsided areas at this height above the

Blind Canyon Seam did experience bending as demonstrated by increased aperture along

horizontal bedding planes. What this means is that fracturing propagates upward

considerably less than 250 feet. That fracturing does not propagate upward further is likely a

result of the presence of massive sandstones in the Blackhawk Formation.

The effects of second mining in the Tank Seam cannot be as intimately ascertained. Second

mining in both the Blind Canyon and the Tank Seams will cause fracturing to propagate

upward from the Tank Seam to a greater height than fractures would extend if mining

occurred in the Tank Seam alone. However, because of the ameliorating effect of the thick

interburden between the Blind Canyon and Tank Seams, it is unlikely that the height of

fracturing above areas of multiple seam removal will be significantly greater than the height
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of fracturing above second mined areas in the Tank Seam alone. Thus, we do not expect

fracturing to extend more than about 300 feet above the Tank Seam.

In the permit expansion area second mining will also occur in the Blind Canyon and Tank

Seams.

In the current permit area and permit expansion area, no springs have been identified which

discharge from the upper Blackhawk Formation or the Castlegate Sandstone, and only two

springs discharge from the Price River Formation. Thus, the bulk of the groundwater

resources in the area are found in the North Horn Formation and the Flagstaff Limestone. All

of the springs with significant discharges identified in the Flagstaff Limestone and North

Horn Formation are separated from the Tank Seam by more than 1,000 feet (Plate 6- 10 of the

Bear Canyon Mine MRP). Thus, the groundwater systems from which these springs

discharge are well above the zone of potential impact from subsidence fractures that

propagate upward from the mine. Abundant clay and mudstone in the North Horn Formation

aids the quick healing of any subsidence-related fractures that do occur. Therefore, the

potential for these springs to be impacted as a result of mining-related activities is minimal.

9.1.2 Surface water

The mine plan for the current permit irea and the Wild Horse Ridge permit expansion area

has been designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the

Left Fork of Fish Creek. Thus, these perennial and intermittent drainages should not be

directly affected by mining. However, the hydrologic balance of these systems would be
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impacted if groundwater discharge that provided baseflow for these systems were impacted.

As noted in the previous section, impacts to the groundwater discharge rates are not expected.

The hydrologic balance of Bear Creek below the mine discharge point will be affected by the

addition of mine water to the creek. This impact is discussed in Section 9.5.

9.2 Presence of acid-forming or toxic-forming materials (728.320)

lnformation on acid- and toxic-forming materials is contained in Appendix 6-C of the MRP.

Evaluation of these data using Guidelines for Management of Topsoil and Overburden (Table

2; Leatherwood and Duce, 1988) revealed that there have been no poor or unacceptable (acid-

or toxic-forming) materials encountered in the permit area. Coal and rock strata in the permit

expansion area are expected to be identical to those encountered in the current permit area.

However, if any acid- and/or toxic-forming materials are discovered in waste rock in the

future, these materials will be disposed of in accordance with the requirements of R645-301-

731.300 and as outlined in Chapter 3 ofthe MRP.

Western coal mines commonly contain sulfide minerals, which, when exposed to air and

water, oxidize and release H* ions (acid). The sulfide mineral pyrite (FeSr) has been

identified in the Bear Canyon Mine. Although pynte oxidation does occur, acidic mine

drainage does not. Acid derived from pynte oxidation is readily consumed by dissolution of

carbonate minerals, which are pervasive throughout the rocks in the vicinity of the Bear

Canyon Mine. Iron liberated during pynte oxidation is readily precipitated as iron-hydroxide

and is not observed in the mine discharge water.
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9.3 Impact of coal mining on sediment yield from disturbed areas (728.331)

The sediment load of streams can be impacted by increased sediment yield from disturbed

areas and from subsided landscape above mine workings. Sediment control measures for

existing and proposed disturbed areas are described in7.2.7 md7.2.8 of the MRP. It is

expected that the installation and maintenance of these sediment control structures will

prevent any adverse impacts to the sediment load of streams. Also of particular concern is

spring SBC-14 which discharges immediately below the proposed portal areain the right fork

of Bear Canyon. This spring supports a small riparian area in the canyon. The portal

facilities, culverts, and sediment control structures have been specifically designed to prevent

impacts from sediment yield to this spring and riparian area.

Subsidence can result in either increased or decreased sediment loading of ephemerat and

intermittent streams. Differential subsidence can locally increase strearn gradients, causing

higher flow velocities in the stream channel and greater sediment loading. However, this

impact would likely be localized and short-lived. If there is sufficient water in the drainu5tr,

the increased erosion of easily eroded sediments will rapidly bring the channel to equilibrium

with the stream. If the altered substrate in the channel is not easily eroded, there will be no

increase in sediment loading of the stream. The sediment load of ephemeral and intermittent

streams would be decreased where subsidence causes water to be impounded. Here,

sediment would be deposited in the subsidence-induced depressions in the stream channel.

This occrurence would also be short-lived because sediment deposition in the depressions

would gradually bring the channel into equilibrium with the stream.

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
coal leases and fee lands

1 3 8 25 June 2001



Itoyo ond Aqqoc!a'!9+ LC

9.4 Impacts to acidity, TDS, aqd other important water quality parameters (728.332)

There is the potential for surface water and groundwater quality to be affected by mining

operations. Potential impacts to the acidity of surface waters and groundwaters resulting

from acid mine drainage were discussed in Section 9.2, andthe potential impacts of increased

suspended solids were discussed in Section 9.3. Other potential impacts from coal mining

activity include increasing the concentration of total dissolved solids (TDS) and specific

solutes in streams that receive mine discharge water.

As discussed in Sectiong.Z,pynte oxidation, which has the potential to cause acid mine

drainage, does occur in the mine environment. However, the ubiquitous presence of

qarbonate minerals in the permit area results in the rapid neutralization of produced acid.

Therefore, acid mine drainage does not occur. Toxic forming minerals are generally not

found in the permit area. Thus, the potential for detrimental impacts to groundwater or

surface-water systems as a result of the discharge or seepage of mine discharge water to the

surface is minimal. In fact, the quality of water discharged from the Bear Canyon Mine

portals is generally better than that of the receiving water (Bear Creek). Bear Creek above

the mine discharge (BC-t) has an average TDS concentration of 544 mg/\, while the mine

discharge water (I\-IPDES-004) averages 364 mgll. The mean sulfate concentration of Bear

Creek water is 263 mg/|, while the sulfate concentration of the mine discharge water is less

than one fifth as great (51 mg/l).

The practice of using rock dust for the suppression of coal dust in a mine may potentially

impact the groundwater flowing through the mine by dissolution of the rock dust constituents
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into the water. Currently, only limestone or dolomite rock dust is used for dust suppression

purposes in the Bear Canyon Mine and this practice is expected to continue during mining in

the permit expansion area. Hence, it is doubtful that rock dust usage will adversely impact

groundwater quality.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used in the current

permit area and will be used in the permit expansion area. Groundwater contamination could

result from spillage of hydrocarbon products during maintenance of equipment during

operations, filling of storage tanks and vehicle tanks, or from tank leakage due to the rupture

of tanks. The probable future extent of the contamination caused by diesel and oil spillage is

expected to be minimal for three reasons:

1. No underground storage tanks will exist in the permit expansion area;

2. Spillage during filling of the storage or vehicle tanks will be minimized to avoid loss

of an economically valuable product;

3. The 1997 SPCC Plan provides for (and C.W. Mining has implemented) inspection

and operation measures to minimize the extent of contamination resulting from the

use of hydrocarbons at the site.

There are no transformers in the current or expanded mine permit areas that contain

polychlorinated biphenyls (PCBs). No surface roads capable of handling large volume and or

heavy truck traffic will be constructed in the permit expansion area. All roads will be

constructed and maintained in such a manner that the approved design standards are met

throughout the life of the entire transportation system (see Chapter 3 of the MRP). This fact
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reduces the potential for hydrocarbon spills. Salting of some roads within the lease area

occurs during the winter months. Road salt is applied sparingly to minimtze water quality

impacts to nearby surface-water and groundwater systems. The impacts resulting from road

salting in the permit area are expected to be minimal.

The springs that discharge above the mined horizons on Gentry Mountain are related to

shallow, active zone groundwater systems. These springs are not related to the groundwater

systems encountered in the mine. We anticipate no detrimental impacts to water quality to

these springs as aresult of mining activities. Indeed, it is difficult to irnagine amechanism

whereby the water quality of springs that discharge above the mined horizon may be

significantly impacted by mining operations.

Groundwater systems from which the springs on Gentry Mountain discharge are not related

to the grorurdwater systems encountered in the mine. The water quality characteristics at

each of these springs have been well documented. Generally, the concentrations of

individual solute parameters have not changed significantly over time (Appendix A).

9.5 Flooding or streamflow alteration (728.333)

Flooding is a potential consequence of mine water discharge. Mine water discharge is a

significant addition to the baseflow of Bear Creek (Figures l9e and 190. During low-flow

conditions, the continuous addition of sediment free mine discharge water to Bear Creek may

increase the erosion potential in the stream channel. The channel substrate below the mine

discharge is located on the Mancos Shale, which is highly erodable. However, the amount of
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water discharged from the Bear CanyonMine is relatively small, averaging about 130 gpm

with a historic maximum of about 320 gpm. This relatively small quantity can be

accommodated in the inner, relatively stable portion of the channel. Significant bank erosion

is, therefore, unlikely. The stream gradient in this reach of Bear Creek, approximately 60/o,

suggests that in general this area has a relatively low erosion potential.

Localized flooding can occur due to increased overland runoff from disturbed areas. This is

minimized by runoff control stnrctures and sediment ponds. The proposed surface

disturbance in the right fork of Bear Canyon has been specifically designed to prevent

flooding of the discharge area of spring SBC-14 or riparian areas supported by this discharge.

The mine plan for the current permit area and the permit expansion area has been designed to

prevent subsidence of Bear Creek, the right fork of Bear Creek, or the Left Fork of Fish

Creek. Thus no stream alteration is anticipated in these perennial and intermittent drainages.

In ephemeral drainages, differential subsidence may cause some alterations of stream

channels. Possible changes are described above in Section 9.3.

9.6 Groundwater and surface-water availability (728.334)

As described in Section 9.1 there are no expected impacts to the hydrologic balance of either

groundwater or surface water systems. Therefore, there are no probable impacts to

groundwater or surface water supply. There are no water supply wells in the permit area that

could be damaged by subsidence. As described in Sections 8.1 and 8.2, mining has not nor

should not affect the groundwater systems that support Big Bear and Birch springs. Thus, we

expect that Big Bear and Birch springs will continue to be available for culinary use.
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9.7 Contaminationo diminution, or interruption of water sources (728.340,

Based on the information presented in this document, we anticipate that there should be no

contamination, diminution, or intemrption of water sources.
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1O.O REVIEW OF PROPOSED MONITORING PLAN

The monitoring plan is designed to provide data to assist in determining whether mining

activities impact surface-water or groundwater resources in the current permit area and the

Wild Horse Ridge area. Specifically, six stream monitoring locations, eleven springs, four

monitoring wells at the surface, two in-mine monitoring wells, and two in-mine gtoundwater

inflow areas are recommended for monitoring. The proposed monitoring locations are shown

on Figure 7N-2 of the MRP. The monitoring program is summarrzed in Tables 5, 6, 7, and 8,

and is described below.

10.1 Streams

We recommend the regular monitoring of six stream locations in the current permit area and

the Wild Horse Ridge area. Included in the monitoring plan are locations on the Bear Creek,

Fish Creek, and Trail Canyon drainages. The recommended stream monitoring plan is

described below.

Bear Creek Drainage

Four stream monitoring stations are recommended in the Bear Creek drainage. These include

BC-l (upper left fork of Bear Creek), BC-z (lower Bear Creek below the mine discharge

point), BC-3 (lower right fork of Bear Creek), and BC-4 (upper right fork of Bear Creek).

BC-l and BC-4 are located topographically above the mine's surface facilities in Bear

Canyon. Discharge at BC-l represents the total surface flow from the main fork of Bear

Creek drainage above mine. Discharge at BC-4 represents the total flow from the upper right
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fork of Bear Creek. Because there are no surface disturbances ormine facilities above these

areas, it is highly unlikely that water quality in this stream sould be impacted. However, to

veriff that no impacts to water quality at these locations will occur and to facilitate the

determination of downstream mine impacts in Bear Creek, we recommend quarterly

laboratory operational water quality meimurements at BC-l and BC-4. We also recommend

the quarterly monitoring of BC-l and BC-4 for flow.

BC-z is located on lower Bear Creek immediately below the mine discharge point- Because

of the potential for detrimental impacts to water quality in Bear Creek as a result of mining

operations and mine-water discharge, we recommend quarterly laboratory operational water

quality measurements atBC-L. We also recommend quarterly monitoring of BC -2 for flow.

BC-3 is located on the lower right fork of Bear Creek immediately above the confluence with

the main fork, below proposed new mine surface facilities. We recofilmend quarterly

laboratory operational water quality and flow measurements at BC-3. This monitoring will

assist in determining any mining-related impacts to the stream due to new surface

disturbances in the right fork of Bear Canyon.

Trail Canyon Drainage

MH-l is located in lower McCadden Hollow above the confluence with Trail Canyon Creek.

The water quality at MH-l has been documented through baseline monitoring activities at the

site. The solute chemical composition has not varied significantly during baseline

monitoring. Because there are no surface disturbances or mine facilities in the McCadden

Investigation of groundwater and surface-water
systems in the C.W. Mining Company
nnl l  laaeec rnr l  fee lon lc

145 25 June 2001



Hollow area, it is highly unlikely that water quality in this stream could be impacted.

However, to veriff that no impacts to water quality occur, and to establish that natural

seasonal variation in discharge in the creek is the result of climatic factors, we recommend

quarterly water quality field measurements and flow measurements at MH-l-

Fish Creek Drainage

FC-l is located on the Left Fork of Fish Creek in the lower Fish Creek drainage. This stream

drains a large area on Gentry Mountain and the eastern flanks of Wild Horse Ridge. The

water quality characteristics at FC-l have been well documented through baseline monitoring

activities. There are no surface disturbances planned for the area drained by the creek.

Therefore, no detrimental impacts on the water quality in the creek are anticipated. However,

to veriff that no impacts to water quality occur, and to establish that natural seasonal

discharge variation is the result of clirnatic factors, we recommend quarterly water quality

field measurements and flow measurements at FC-l.

10.2 Springs

The proposed monitoring program for springs is designed to provide verification that

1. Groundwater systems from support springs in the permit area operate independently

of inactive-flow perched groundwater systems encountered in mine workings,

2. The temporal variability of spring discharges is due to climatic variability (i.e. wet

and dry years), and

3. Mining is not affecting groundwater systems from which springs in the permit area

discharge.
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Ten recommended spring monitoring locations have been chosen in the current permit atea

and the Wild Horse Ridge area to provide information regarding potential impacts from

mining. The springs have been selected from 1) the highland arein of Gentry Mountain in

the Flagstaff Limestone and North Horn Formation, and 2) the lower-lying areas on the

Blackhawk Formation and Star Point Sandstone. It has been demonstrated in this document

that the geologic formations that occur between the base of the North Horn Formation and

the lower Blaskhawk Formation (the Price River Formation, Castlegate Sandstone, and upper

Blacldlawk Formation) are generally unsaturated and do not support significant groundwater

discharge in the permit area. Therefore, because there ire no significant springs to monitor,

we do not recommend monitoring sites in these formations.

Gentry Mountain Flagstaff Limestoneft,lorth Horn Formation systems

Seven springs from the Flagstaff Limestone and North Horn Formation on the upland areas

of Gentry Mountain are proposed for monitoring. These include SMH-I, SMH-2, SMH-3,

SMH-4, SBC-12, SBC-I6, and SBC-15. It has been demonstrated in this investigation that

the groundwater systems from which these springs discharge ilre not related to the

groundwater systems encountered in the mine. The water quality characteristics at each of

these springs have been well documented. Generally, the concentrations of individual solute

parameters have not changed significantly over time. As described in Section 9.1, all of the

Flagstaff LimestoneA.{orth Horn Formation springs are separated from the coal seams by at

least about 1,000 feet of overburden. Therefore, as discussed in Section 9.1, the groundwater

systems from which these springs discharge are well above the zone of potential impact from
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subsidence fractures that propagate upward from the mine. Thus, the potential for these

springs to be impacted as a result mining related activities is minimal. However, to

document that the variations in discharge from these springs is the result of climatic factors,

and to veriff that mining operations will not adversely impact water quality or quantity at

these springs, we recommend that these springs be monitored quarterly for field water quality

measurements and flow.

Blackhawk Formation and Star Point Sandstone groundwater systems

Significant groundwater discharge does occur from the Blackhawk Formation and Star Point

Sandstone in the permit area. We recommend regular monitoring of four springs in these

formations. These include SBC-4 (Bie Bear Spring), SBC-5 (Birch Spring), SBC-14, ffid

SBC-17. We recommend that monitoring of SBC-6 be discontinued.

It has been demonstrated in this report that it is highly unlikely that mining operations could

adversely impact water quality or quantity at either Big Bear or Birch Springs. However,

these springs are important water supplies to adjacent municipalities. Because of this fact,

and to verify that mining will have no impact on these springs, we recommend quarterly

rnonitoring at Big Bear and Birch Springs for both operational laboratory water quality

measurements and flow.

Spring SBC-14 discharges from the StarPoint Sandstone in the vicinity of the proposed mtne

expansion facilities inthe right fork of Bear Creek. Because of the proximity of this spring
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to proposed surface disturbances, we recommend quarterly monitoring at SBC-14 for both

operational laboratory water quality measurements and flow.

Spring SBC- 17 is located in upper Bear Canyon near the Bear Canyon Fault. The spring

discharges from the Blackhawk Formation near horizons that contain the coal to be mined.

We recomrnend the regular monitoring of this spring to provide verification that mining

related activities do not impact groundwater resources in this area. Because of the close

proximity of this spring to the coal seams, we recommend monitoring for both laboratory

operational water quality measurements and flow.

Spring SBC-6 is located a few hundred feet northeast of Big Bear Spring. However, for the

past several years this spring has continually been dry. Therefore, we do not recommend

continued monitoring of this spring.

In-Mine groundwater infl ow s

C.W. Mining has historically monitored groundwater inflows in the Bear Canyon Mine at

SBC-9 (lstN. MineSump, sandstone channel drainage) and SBC-13 (1st E. PillarArea,

drainage from a sealed gob area). We recommend continued flow monitoring at these sites

on a quarterly basis. Because this water is either consumed as part of mining operations or is

discharged to the surface where water quality is closely monitored, we do not recommend

routine water quality meimurements at these locations.

Investigation of groundwater and surface-water
systems in the C.V/. Mining Company
coal leases and fee lands

149 25 June 2001



Itcyo and Atroclales, LC

Star Point Sandstone Monitoring Wells

C.W. Mining has historically monitored groundwater conditions in the Star Point Sandstone

through the use of both in-mine monitoring wells and deep wells drilled from the surface-

The purpose of this monitoring is to determine whether rnining operations result in a decline

in the hydrostatic head on the Star Point Sandstone groundwater systems in the permit area.

We recommend that monitoring of the Star Point Sandstone continue. We recommend that

wells SDH-2, SDH-3, and MW-l14 be monitored quarterly for water level. Additionally, we

recommend that in-mine wells DH-IA and DH-2 continue (o be monitored quarterly for

water level. DH-4 is located in an areaof the mine that will soon become inaccessible and

will not be able to be monitored. However, w€ believe that monitoring of the remaining two

Star Point Sandstone wells is more than adequate to charactenze groundwater conditions in

the Star Point Sandstone in the relatively small areabeneath the mine. It was demonstrated

in this document that there is minimal potential for impactingwater quality in the underlying

Star Point Sandstone. Therefore we do not recorrmend routine water quality measurements

on the Star Point Sandstone wells.

10.3 Chemical Parameters

The recommended list of water quality analytical parameters for operational monitoring of

springs and streams is given in Tables 7 and 8.
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Table 5 Recommended monitoring program

Protocol

Monitoring l,ilells

SDH-2
SDH.3
MW-114
DH-1A
DH.2

Sfreams

Bear Creek Drainage
BC-1
BC.2
BC.3
BC4

Trail Canyon Drainage
MH.1

Fish Creek Drainage
FC-1

Springs

SMH-1
SMH-2
SMH.3
SMH4
sBc-12
sBc-16
sBc-15
SBC4
SBC-s
sBc-14
sBc-17

I n-Mi n e grou n dwater i nfl ow s

SBC-9
sBc-13

Comments

Spring Canyon member of Star Point Sandstone
Spring Canyon member of Star Point Sandstone
Spring Canyon member of Star Point Sandstone
Spring Canyon member of Star Point Sandstone
Spring Canyon member of Star Point Sandstone

Bear Creek, upper main fork
Bear Creek, main fork below mine discharge point
Bear Creek, lower right fork
Bear Creek, upper right fork

Lower McCadden Hollow creek

Fish Creek, lower left fork

upland plateau area
upland plateau area
upland plateau area
upland plateau area
upland plateau area
upland plateau area
upland plateau area
Big Bear Spring, Star Point Sandstone
Birch Spring, Star Point Sandstone
Star Point Sandstone
Blackhawk Formation near Bear Canyon Fault

1st N. Mine Sump, sandstone channel inflow
1st E. Pillar Area, drainage from sealed gob area

A
A
A
A
A

8,1
8,1
8,1
8,1

8,3

8,3

c,4
c,4
c,4
c,4
c,4
c,4
c,4
c,2
c,2
c,2
c,2

D
D
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Table 6 Field and laboratory measurement protocol

Water level and flow measurements

A Monitoring well: quarterly water level measurements

B Stream: quarterly discharge measurements

C Spring: quarterly discharge measurements

D In-mine groundwater inflow: quarterly discharge measurements

Water Quality

1 Stream: quarterly water quality operational laboratory measurements

2 Spring: quarterly water quality operational laboratory measurements

3 Stream: quarterly water quality field parameter measurements

4 Spring: quarterly water quality field parameter measurements
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Table 7 Recommended groundwater operational water quality monitoring

FIELD MEASUREMENTS

pH
Specific Conductivity
Temperature

LABORATORY M EASU REMENTS

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
lron (dissolved)
lron (total)
Magnesium (dissolved)
Manganese (dissolved)
Manganese (total)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Cations
Anions

REPORTED AS

pH units
ps/cm @ 25'C
"c

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
meq/l
meq/l
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Table 8 Recommended surface water operational water quality monitoring

FIELD MEASUREMENTS

pH
Specific Conductivity
Dissolved Oxygen
Temperature

LABORATORY M EASU REMENTS

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
lron (dissolved)
lron {total)
Magnesium (dissolved)
Manganese (dissolved)
Manganese (total)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Oil and grease
Cations
Anions

REPORTED AS

pH units
ps/cm @ 25"C
mg/l
OC

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
meq/l
meq/l
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Appendix A

Table A-l Field parameters, water quality parameters, ffid major-ion solute data

Table A-2 Trace constituent water quality data

Table A-3 Big Bear Spring discharge data

Table A-4 Birch Spring discharge data

Table A-5 Mine inflow rates

Table '{-6 Monitoring well water level elevations
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Table A-3 Big Bear Spring discharge data
big bear discharge.xls 17 Aug 99

GPM Date GPM Date GPM GPM Date GPM

Jan-80
Feb-80
Mar-80
Apr-80
May-80
Jun-80
Jul-80

Aug-80
Sep-80
Oct-80
Nov-80
Dec-80
Jan-81
Feb-81
Mar-81
Apr-81
May-81
Jun-81
Jul-81

Sep-81
Oct-81
Nov-81
Dec-81
Jan-82
Feb-82
Mar-82
Apr-82
May-82
Jun-82
Jul-82

Aug-82
Sep-82
Oct-82
Nov-82
Dec-82
Jan-83
Feb-83
Mar-83
Apr-83
May-83
Jun-83
Jul-83

Aug-83
Sep83
Oct-83
Nov-83
Dec-83
Jan-84
Feb-84
Mar-84
Apr-84
May-84
Jun-84
Jul-84

Aug-84

Sep-84
Oct-84
Nov-84
Dec-84
Jan-85
Feb-85
Mar-85
Apr-85
May-85
Jun-85
Jul-85

Aug-85
Sep85
Oct-85
Nov-85
Dec-85
Jan-86
Feb-86
Mar-86
Apr-86
May-86
Jun-86
Jul-86

Aug-86
Sep-86
Oct-BO
Nov-86
Dec-86
Jan-87
Feb-87
Mar-87
Apr-87
May-87
Jun-87
Jul-87

Aug-87
Sep=87
Oct-87
Nov-87
Dec-87
Jan-88
Feb-88
Mar-88
Apr-88
May-BB
Jun-88
Jul-88

Aug-88
Sep-88
Oct-88
Nov-88
Dec-88
Jan-89
Feb-89
Mar-89

Apr-89
May-89
Jun-89
Jul-89

Aug-89
Sep-89
Oct-89
Nov-89
Dec-89
Jan-90
Feb-90
Mar-90
Apr-90
May-90
Jun-90
Jul-90

Aug-90
Sep-90
Oct-90
Nov-90
Dec-90
Jan-91
Feb-91
Mar-91
Apr-91
May-91
Jun-91
Jul-91

Aug-91
Sep-91
Oct-91
Nov-91
Dec-91
Jan-92
Feb-92
Mar-92
Apr-92
May-92
Jun-92
Jul-92

Aug-92
Sep-92
Oct-92
Nov-92
Dec-92
Jan-93
Feb-93
Mar-93
Apr-93
May-93
Jun-93
Jul-93

Aug-93
Sep-93
Oct-93

Nov-93
Dec-93
Jan-94
Feb-94
Mar-94
Apr-94
May-94
Jun-94
Jul-94

Aug-94
Sep-94
Oct-94
Nov-94
Dec-94
Jan-95
Feb-95
Mar-95
Apr-95
May-95
Jun-95
Jul-95

Aug-95
Sep-95
Oct-95
Nov-95
Dec-95
Jan-96
Fetr96
Mar-96
Apr-96
May-96
Jun-96
Jul-96

Aug-96
Sep-96
Oct-96
Nov-96
Dec-96
Jan-97
Feb-'97
Mar-97
Apr-97
May-97
Jun-97
JuF97

Aug-97
SeP-97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-98
Mar-98
Apr-98
May-98

223
228
226
225
228
340
365
304
245
230
239
233
225
198
175
228
224
220
226
155
152
156
160
1 6 1
159
155
152
154
213
243
198
174
168
167
168
167
167
167
166
166
310
378
3 1 9
258
2',14
195
189
189
191
187
187
198
335
321
299

245
209
203
202
198
193
189
186
233
329
312
247
215
206
204
222
171
190
186
182
208
304
305
249
211
198
197
193
186
181
176
171
170
171
188
1 8 1
170
1 8 1
174
160
153
1 5 1
147
143
147
1 5 1
157
152
1 5 1
1 5 5
1 5 1
146
142
139
134

133
1 3 1
127
128
120
1 1 9
114
111
111
1 1 0
130
112
109
104
104
104
105
107
1 1 0
1 0 8
125
126
1 1 0
128
1 1 8
1 1 9
123
1 1 9
1 1 3
114
114
121
122
126
128
121
125
124
132
123
112
107
107
104
1 1 0
98
98
98
95

111
1 1 1
1 1 6
1 3 1
136
140

140
136
133
126
122
1 1 9
1 1 8
117
1 1 8
1 1 6
117
1 1 8
117
1 1 6
1 1 3
106
B3
7B
73
77
98

124
130
140
144
143
143
142
139
'137

136
137
142
148
148
150
143
143
141
133
133
129
128
130
138
146
152
150
144
143
140
137
132
128
126

Jun-98
Jul-98

Aug-98
Sep-98
Oct-98
Nov-98
Dec-98
Jan-99
Feb-99
Mar-99
Apr-99
May-99
Jun-99

128
132
134
143
144
135
135
135
130
126
124
123
126

Table A-3
Page 1 of 1



Table A4 Birch Spring
all birch discharge.xls 17 Aug 99

USGS
Date GPM

ffi
10-Aug-78
11-Oct-78

discharge data

NEWUA
Date GPM

Star Point Mine MRP
Date GPM

1 9
1 9

7-Nov-78 19
13-Dec-78 19
14-Jun-79 10
28-Jun-79 10
20-Jul-79 9.3

22-Aug-79 21
17-Sep-79 19
16-Oct-79 20

Jan-85
Fetr85
Mar-85
Apr-85
May-85
Jun-85
Jul-85

Aug-85
Sep-85
Oct-85
Nov-85
Dec-85
Jan-86
Feb-BG
Mar-86
Apr-86
May-86
Jun-86
Jul-86

Aug-86
Sep86
Oct-86
Nov-86
Dec-86
Jan-87
Feb-87
Mar-87
Apr-87
May-87
Jun-87
Jul-87

Aug-87
Sep-87
Oct-87
Nov-87
Dec-87
Jan-88
Feb-88
Mar-88
Apr-88
May-88
Jun-88
Jul-88

Aug-88
Sep-BB
Oct-88
Nov-88
Dec-88
Jan-89
Feb-89
Mar-89
Apr-89
May-89
Jun-89
Jul-89

Jan-85
Feb-85
Mar-85
Apr-85
May-85
Jun-85
Jul-85

Aug-85
Sep-85
Oct-85
Nov-85
Dec-85
Jan-86
Feb-86
Mar-86
Apr-86
May-86
Jun-86
Jul-86

Aug-86
Sep-86
Oct-86
Nov-86
Dec-86
Jan-87
Feb-87
Mar-87
Apr-87
May-87
Jun-87
Jul-87

Aug-87
Sep87
Oct-87
Nov-87
Dec-87
Jan-88
Feb-88
Mar-88
Apr-8B
May-88
Jun-88
Jul-88

Aug-88
Sep-88
Oct-88
Nov-88
Dec-88
Jan-89
Feb-89
Mar-89
Apr-89
May-89
Jun-89
Jul-89

85
85
84
85
85
B5
B5
85
86
87
86
85
85
85
84
84
84
85
86
86
85
84
85
87
85
85
86
B5
86
86
B6
85
84
B9
85
83
81
81
B2
8 1
82
81
B1

105
133
130
1 3 0
117
70
65
60
55
85

100
90

30

60

Table A-4 Page 1 of 3



USGS
Date GPM

NEWUA
Date GPM

Star Point Mine MRP
Date GPM

@Aug-89
Sep-89
Oct-89
Nov-89
Dec-89
Jan-90
Feb-90
Mar-90
Apr-90
May-90
Jun-90
Jul-90

Aug-90
Sep-90
Oct-90
Nov-90
Dec-90
Jan-91
Feb-91
Mar-91
Apr-91
May-91
Jun-91
Jul-91

Aug-91
Sep-91
Oct-91
Nov-91
Dec-91
Jan-92
Feb-92
Mar-92
Apr-92
May-92
Jun-92
Jul-92

Aug-92
Sep-92
Oct-92
Nov-92
Dec-92
Jan-93
Feb-93
Mar-93
Apr-93
May-93
Jun-93
Jul-93

Aug-93
Sep-93
Oct-93
Nov-93
Dec-93
Jan-94
Feb-94
Mar-94
Apr-94
May-94

37.s Nov-90
Dec-90
Jan-91
Feb-91
Mar-91
Apr-91
May-91
Jun-91
Jul-91

Aug-91
Sep-91
Oct-91
Nov-91
Dec-91
Jan-92
Feb-92
Mar-92
Apr-92
May-92
Jun-92
Jul-92

Aug-92
Sep-92
Oct-92
Nov-92
Dec-92
Jan-93
Feb-93
Mar-93
Apr-93
May-93
Jun-93
Jul-93

Aug-93
Sep-93
Oct-93
Nov-93
Dec-93
Jan-94
Feb-94
Mar-94
Apr-94
May-94

BO
230
230
230
230
70
65
60
70
B5
75
55
40
40
38
34
34
34
21
33
33
33
33
33
33
33
33
33
29
29
29
29
28
29
28
29
27
27
27
27
27
27
27
27

Sep-89
Oct-89
Nov-89
Dec-89

100 Jan-90
Feb-90
Mar-90
Apr-90
May-90
Jun-90
Jul-90

Aug-90
40 Sep-90

Oct-90

29
29
25
25
25

29

23

34
33
33
33
34
34
36
33
33
33
33
33
29
29
29
29
28
28
29
28
2B
27
27
27
27
27
27
27
27
26
25

24.5
24.5

24
25
24
24
24

24.5
24
23

Table A4 Page 2 of 3



USGS
Date GPM

NEWUA
Date GPM

Star Point Mine MRP
Date GPM

Jun-94
Jul-94

Aug-94
Sep-94
Oct-94
Nov-94
Dec-94
Jan-95
Feb-95
Mar-95
Apr-95
May-95
Jun-95
Jul-95

Aug-95
Sep-95
Oct-95
Nov-95
Dec-95
Jan-96
Feb-96
Mar-96
Apr-96
May-96
Jun-96
Jul-96

Aug-96
Sep-96
Oct-96
Nov-96
Dec-96
Jan-97
Feb-97
Mar-97
Apr-97
May-97
May-97
Jun-97
Jul-97

Aug-97
Sep-97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-98
Mar-98
Apr-98
May-98
Jun-98
Jul-98

Aug-98

21,5
22

21.5
21.5
20.5

20
20
20

20.5
21

20.5
24.5
20.5
21.5
21.5

21
20

21.5
19.5

20
19.5
19.5

1 9
1 9

19 .5
1 9
1 6

14.5
16.5

1 7
1 7
1 9

Jun-94
Jul-94

Aug-94
Sep-94
Oct-94
Nov-94
Dec-94
Jan-95
Feb-95
Mar-95
Apr-95
May-95
Jun-95
Jul-95

Aug-95
Sep-95
Oct-95
Nov-95
Dec-95
Jan-96
Fetr96
Mar-96
Apr-96
May-96
Jun-96
Jul-96

Aug-96
Sep96
Oct-96
Nov-96
Dec-96
Jan-97
Feb-97
Mar-97
Apr-97
May-97
May-97
Jun-97
Jul-97

Aug-97
Sep-97
Oct-97
Nov-97
Dec-97
Jan-98
Feb-98
Mar-98
Apr-98
May-98
Jun-98
Jul-98

Aug-98

22

21.5

20.5

21.5

21.5

20

23
22
22
22
22

22.5
22
22
22

20

20

1 9

1 6

1 B
1 8
1 8
1 8

18.5
1 9
1 9

15 .5

Table A4 Page 3 of 3



Table A-5 Mine inflow rates
inmine,xls 17 Aug 99

SBC-7 SBC.g
Date GPM

ffi
120
'120

97
81

118
140
112
120
132
130
105
82

140
177
165
152
175
178
175
160
158
159
150
135
130
130
130
133
125
125
120
122
1 1 8
1 1 5
86
80
65
60

Date GPM
SBC.8

Date GPM
sBc-10

Date GPM
03122188
04/30188
08/29188
09/17lBB
10/31/88
11t29t88
12t0u88
02t27189
05/25/89
0B/28/89
11129t89
0u14190
05/30/90
08/28190
11127190
02128191
a5128191
07t29191
08/08/91

03t22t88
06/07/88
08/26/88
09/17lBB
10/31/88
11t29t88
12107188
02t27t89
05t25/89
08/28/8s
11t29t89
0u27t90
05/30/90
08/28/90

05/30/90
0B/28/90
11127190
oa28l91
05128191
07129191
08/08/91
'10117191

02118192
05t14192
081101e2
10/05/92
02118193
05/19/93
0B/11/93
10120193
o2la9l94
05/30/94
0Bl1BI94
10/19/94
02i07195
05/08/95
08124195
10t17195
02t27196
a5t21196
08t28t96
10/30/96
02101t97
05/01/97
08/01/97
10101197
oaul98
05/01/98
08/01/98
10/01198
02/01/99
05/01/99

01l31lg2
02t18192
aa26l92
05114192
08110192
10101192
02118193
05/19/93
08111/93
1AI2Arc3
02109194
05/30/94
08/18/94
10119194
02107195
05/08/95

1 8
1 8
1 6

14.2
1 8
1 6
1 7
1 7
1 8
1 8

18.7
1
0
0

0.2
0.2

0
0

0.7

1 B
2 1
21

20.5
22
2 1

20.4
21
31
1 2
1 2

0.5
0.5
0.8

248
250
240
240
240
205
185
46
35
28
28
25
25
2 1
24
22

Table A-5 Page 1 of 1



Table AS Monitoring well water elevations
monwell.xls 03V09/00

Well Date Elevation Wdl Date Elevation Well Date Elevation

DH.1A
DH.1A
DH.1A
DH.1A
DH-1A
DH-1A
DH.1A
DH.1A
DH.1A
DH-1A
DH.1A
DH.1A
DH-1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH-1A
DH-1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH-1A
DH.1A
DH-1A
DH-1A
DH-1A
DH.1A
DH.1A
DH.1A
DH.1A
DH-1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A
DH.1A

DH.2
DH.2
DH-2

0'U27193
02/18/93
03/23/93
04/30/93
05/26/93
06/15193
07t31t93
08/31/93
09/14193
10126t93
11t23t93
1A15tg3
01t20t94
0a0st94
03t21t94
04t29194
05/31/94
06t27t94
07l19tg4
08l28t94
09/30/94
10/30/94
11t26t94
1?/2?i94
01/04/95
0?/07t95
03/25/95
04t29t95
05/09/95
06/29/95
07113/95
08/31/95
09/29t95
10117t95
11t21tss,
1?J26t95
02127t96
05t22t96
08/28/96
10/29/96
02/27t97
45t28t97
auyt97
10/30/97

01t27t93
azt2a93
03/23/93

04/30/93
05/25l93
06/15/93
07t31t93
08/31/93
09/14193
10t29t93
11t23t93
12t15t93
01t20t94
02t10t94
03121t94
04t29t94
05/31/94
06127t94
a7 n9194
08129t94
09/30/94
10t26t94
11t26t94
nt2a94
01/04/95
42t07t95
03125t95
04129195
05/23/95
06/29t95
07t13t95
08/31/95
09/29/95
10t17t95
11t21t95
1?J26t95
02t29t96
05/22196
08/20/96
10/30/96
02J27197
ail29197
08t27 t97
10t29t97

02,15194
o3t21t94
04t29t94
a5t31t94
06127t94
07r19t94

7533
7534
7533
7533
7533
7531
7531
7533
7533
7533
7534
7533
7533
7533
7533
7533
7532
7532
7532
7532
7532
7532
7532
7535
7532
7532
7539
7542
7534
7532
7533
7532
7530
7530
7529
7530
7530
7529
7528
7s26
7524

7551
7550
7550
7il9
799
7550

DH-4
DH-4
DH.4
DH.4
DH-4
DH-4
DH-4
DH.4
DH-4
DH.4
DH.4
DH-4
DH.4
DH.4
DH-4
DH.4
DH-4
DH.4
DH.4
DH.4
DH.4
DH.4
DH4
DH-4
DH4

SDH.1

SDH.2
SDH.2

SDH.3
SDH.3

MW-114
MW-114
MW-114

MW-116
MW-116
MW-116
MW-116

MW-117
MW-117
MW-117
MW-117

08/31/94
09/30/94
10127194
11t26194
12122194
01/04/95
aa07p5
03/25/95
04t29195
a5n3rcs
06/29/95
07113195
08/31/95
09/29/95
10/18/95
11t21t95
12t26t95
02127196
05122196
08/23196
10/31196
au27lg7
Q5t29lg7
08/30/97
10130197

08t29t94

CIil2?i95
. 8197

08/26/95
Bl97

08t2u96
09t24t96
10t23t97

10/18/95
07119196
09124196
10t23t97

10/18t95
07119/96
09/24196
10123197

7549
75/9
7549
7548
7#8
7548
754,8
7548
7547
7547
7547
7547
7547
7547
75/,8
7548
7547
7548
7548
7il9
7549
7549
7549
7549
7ilg

7591

7964
7976

7600
7605

7745
7744
7744
77M

7746
7746
7747
7746

7419 DH-z
7423 DH-2
7422 DH-2
7421 DH-z
7421 DH-2
7421 DH-2
7421 DH-z
7421 DH-2
7421 DH-2
7421 DH-2
7421 DH-2
7422 DH-z
7421 DH-2
7422 DH-2
7422 DH-2
7421 DH-2
7422 DH-2
7422 DH-z
7422 DH-2
7419 DH-2
7422 DH-2
7421 DH-2
7422 DH-2
7422 DH-2
7422 DH-2
7422 DH-2
7424 DH-2
7423 DH-z
7423 DH-z
7425 DH-2
7425 DH-2
7424 DH-2
7424 DH-z
7423 DH-2
7423 DH-2
7422 DH-2
7423 DH-2
7422 DH-z
7422 DH-z
7423 DH-z
7424 DH-2
7423
7424 DH-4
7424 DH-4

DH.4
7535 DH-4
7535 DH-4
7535 DH-4

7650
7650
7651

Table.4-6 Page 1 of 1



Appendix B

Laboratory reporting sheets for isotopic analyses



Gross-reference I nformation
iso xref.xls 03/08/00

Sample designation on Designation used in
laboratory reporting sheet this report

FBC-1

FBC4

FBC-5

FBC-6

FBC-13

WHR-3

WHR-4

WHR.5

WHR.s-UP

MH-1

SMH4

SMH-2

SMH-1

SMH-3

sBc-19

SBC-16

SBC-15

SBC.15-UP



GEOCHRON LABORATORIES a divrsion of
KRUEGER ENTERPR ISES, INC.
7 I I  CONCORD AVENUE t  CAMBRIDGE.  MASSACHUSETTS 02138  +  U .S  A
TELEPHONE:  (617 )  875 -3691  TELEFAX (617 )  651 -0148

MDIOCARBON AGE DETERM I NATION REPOBT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX .22599 .PRIORITY

le t t e r  o f  11 /14 /96

l ' l r .  E r i k  C ,  Pe te r sen
Mayo  &  Assoc ia tes
710  Eas t  100  } l o r t h
L lndon ,  Ubah  84042

Date Received: I  1 /  i5/  96

Date Reporled: 1 1 /22/ 96

Samp leNarne :  3 rd  Wes t  Sou th  (Co -op  M ine )

AGE =

g roundwa te r  p rec ip i t a te

10 '470  + / -  435  C -14  yea rs  BP  (C - t
( 27 .16  + / -  1 .48 )  %  o f  t he  mode rn

3  co r rec ted  )  .
( 1950 )  C -14  ac t i v i t yo

Description:

Pretreatment:

Samp Ie  o f  g roundwa te r  p rec ip i t a te .

The  ba r i um sa l t  p rec ip i t a fe  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  unde r  vacuum to  r ecove r
ca rbon  d i ox i de  f r om fhe  ba r i um ea rbona tes  f o r  t he
ana l ys i s .  C -13  ana l ys i s  was  made  on  a  smar l  po r i  j " on
o f  t he  same  evo l ved  gas .

Comment:

6 1 3 C p o e  - - 1 0 . 6 L

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is +1o as judged
by the analy'tical data alone. Our rnodern standard is 95% of the activity of N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1950.

I



GEOCHRON LABORATORIES a d ivrs ion ot

KRUEGER ENTERPRTSES, INC.
711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 I  U S.  A
TELEPHONE (617 )  876 -3691  TELEFAX:  (617 )  661 '0148

RADIOCARBON AG E DETERM I NATION REPOBT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Subrnitted by:

GX-22598 -PRIORITY

le t t e r  o f  11 /14 /96

Mr .  E r i k  C .  Pe te r sen
Mayo  &  Assoc ia tes
7 i0  Eas t  100  No r th
L indon ,  U fah  8q042

Date Received: 1 1 /  15/ 96

Date Reported: 1 1 /22/ 96

Samp leName:  3 rd  WesL  B leede rs  (Co -op  M ine )
g roundwa te r  p rec ip i t a te

AGE = 5,230  + / -  265  C- l4  years  BP (C-13  cor rec ted  )  ,
(52 .16  + /  -  1  .73 )  % o f  the  modern  (  1950  )  C-  14  acL iv  i t , y .

Description:

Pretreatment:

Comment:

6 t 3 C p o e  -  - 1 0 , 9 L

Samp le  o f  g roundwa te r  p rec ip i t a te .

The  ba r i um sa l t  p rec ip i t a te  was  rap id l y  vacuum f i l t e red
and  immed ia fe l y  hyd ro l yzed ,  uode r  vaeuum to  recove r
ca  rbon  d  i ox  i de  f r om the  ba r i um ca rbona tes  f o r  t he
ana l ys i s .  C -13  ana l ys i s  was  rnade  on  a  sma l J  po r t i on
o f  t he  same  evo l ved  gas .

Notes: This date is based upon the Libby hatf life (ss70 years) for 11C.
by the analytical data arone. our modern standard is 95% of
The age is referenced to the year A.D. 1950

The error stated is *1o as judged
the activity of N.B.S. Oxalic Acid.



GEOCHRON LABORATORIES adivis ion or
KRI-JEGER ENTERPRISES, INC.
711 CONCORD AVENUE + CAMERIDGE. MASSACI-{USETTS 02138 + U S A

TELEPHONE:  {617 )  876 -3691  TELEFAX:  (617 )  661 -0148

RADIOCARBON AG E DETERM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-22600-PRIORITY

le t te r  o f  11 /14 /96

Mr .  Er i k  C .  Pe te rsen
Mayo &  Assoc  ia tes
710  Eas t  100  Nor th
L indon ,  U tah  84042

Date  Rece ived .  1  1  /  j 5 /96

Date Reported: 1 1 /22/ 96

Sample Name:

AGE =

SBC-9  Source  (Co-op  Mine  )
g roundwate r  p rec ip i ta te

5 ,890  + / -  210  C-14  years
(48 .04  + / -  1 .26)  % o f  the

BP (C -13  co r rec fed ) .
mode rn  (1950 )  C -14  ac t i v i . t y .o

Description:

Pretreatment:

Samp Ie  o f  g roundwa te r  p rec  i p i t a te .

The  ba r i um sa l t  p ree ip i t a fe  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  uhde r  vacuum to  r ecove r
ea rbon  d i ox i de  f r om fhe  ba r i um ca rbonaLes  f o r  Lhe
ana l ys i s .  C -13  ana l ys i s  was  made  on  a  sma l l  po r t i on
o f  f he  same  evo l ved  gas .

o
Comment:

6 t 3 C r o ,  =  - 1 0 . 5 L

Notes: This date is based upon the Libby hatf life t5570 years) for 1aC. The error stated is *1o BS judged
by the analytical data alone. Our modern standard is g5% of the activity of N.B.S. Oxalic Acid.
The age is referenced to the year A,D. 1950.



GEOCHRON LABORATORIES a cfvision of

KRUEGER ENTERPRISES, INC.
711 CONCORD AVENUE } CAMBBIDGE. MASSACHUSETTS 02138

TELEPHONE:  (617 )  876 -3691  TELEFAX:  (617 )  661 '0148

+  U . S . A

RADIOCARBON AG E DETE RM I NATION REPORT OF ANALYTICAL WORK

Our Sarnple No.

Your Reference:

Submitted by:

GX-22601-PRIORITY

le t te r  o f  11 /18 /96

Mr ,  Er i k  C .  Pe te rsen
Ma yo  &  Assoc  ia tes
T  10  Eas t  1  00  Nor th
L indoo ,  U tah  840 t {2

Date Received: 1 1 /  19/ 96

Date Reported: 1 1/ 27 / 96

Samp le  Name:  DH-2  (Co-op  M ine  )  15  November  1996
g  roundwa te  r  p  r ec  iP  i t a t e

AGE = 5,54Q + / -  280  C-14  years  BP (C-13  cor rec ted) '
(50 .  t7  + / -  1  .76 )  % o f  the  modern  (  1950)  C-14  ac t i v i t y  '

Description:

Pretreatment:

Samp le  o f  g roundwaLe r  p rec  i p i t a te  .

The  ba r i um sa l t  p rec  i p i t a te  was  rap id l y  vacuum f i l t e red
and  immed ia te l y  hyd ro l yzed ,  u t r de r  vacuum fo  r ecove r
ea rbon  d  i ox  i de  f r om the  ba r i um ca rbona tes  f o r  t he
ana l ys i s .  C -1  3  ana l ys i s  was  made  on  a  sma I I  po r t i on

o f  t he  sa rne  evo l ved  gas .

Comment:

6 t 3 C r o ,  -  - 1 0 . 8 tt
,r

Notes: This date is based upon the Libby half lite (5570 years) f or ra C. The error stated is *1o as iudged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the yeat A.D. 1950.



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCOBD AVENUE + CAMBRIDGE,  MASSACHUSETTS 02138-1002 + U.  S.  A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E'MAIL: staf f  @ geochronlabs com

RADIOCARBON AGE DETERMIMTIONI REPORT OF AMLYTICAL WqRK

Our Sample No.

Your Reference:

Submitted by:

GX-24398 -AMS

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Repofied:

0 s /0  6 /9 I

10 /02198

Sample Name:

ocE=

C.W.  M ln lng :  SDH-2

3,450 t  40 t  4C years BP
(65.05 z t 0,31 | "/" of the

06/30/98

( t  gc  cor rec ted) ,
modern  (1950)  14C ac t i v l tY '

Descr ipt ion:

Pretreatment:

Comments:

613Cppg =

Sample of groundwater.

The sample was rapidly transferred, by aspiration, to the evacuated flask, and acidified
to recover carbon dioxide from the dissolved carbonates for the analysis. 13C analysis
was performed on a small portion of the same evolved gas.

The sample yielded very little carbon and analysis by accelerator mass spectrornetry
was required.

-25.6 %, t

ttotes; This date is based upon the Libby hall tife (5570 years) for trC. The error stated is t 1o as judged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPEC]ALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRTDGE, MASSACHUSETTS 02138-1002 + U S.  A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL:  s taf f@geochronlabs.com

O

RADIOCARBON AGE DETERMIMTION REPORT OF AMLYTICAL WOIRK

Our Sample No.

Your Reference:

Submitted by:

GX-243e9 -AMS

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

0 8 i 0 6 / 9 8

1 0 / 0 2 t 9 8

Sample Name: C . W ,  M l n l n g :

8 , 4 0 0  t  5 0  1 4 C
(35.1 4/  !  0 .1 8)

sDH-3 06/30/98

years  BP ( t  gC cor rec tgd) :
% of  the modern (1950)  1  4  C act iv i ty  -

Descr ipt ion:

Pretreatment:

Sample of groundwater.

The sample was rapidly transferred, by aspiration, to the evacuated flask, and aciditied
to recover carbon dioxide from the dissolved carbonates for the analysis. 13C analysis
was performed on a small portion of the same evolved gas.

The sarnple yielded very little carbon and analysis by accelerator mass spectrometry
was required.

Comments:

ElsCppg = -t t .o/ x.

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error staled is I 10 as judged by
the analytical data alone. Our modern standard is 95% ot the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES adivisionor
KRUEGER ENTERPRISES, INC.
71I CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U. S.A
TELEPHONE: (61n 876-3691 TELEFAX: (517) 661-0148

RADIOCARBON AGE DETERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No,

Your Reference:

Submitted by:

GX-24400

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Reported:

08 /06198

08 /19198

Sample Name:

Jcr=

C.W. Mining: T.S. North Bleeder 05/26/98

6,540 + 250 1 4C years BP (t g C correcteql._
(44,33/ t  1 .39) olo ot the modern (1950) 1 4C activi ty.

Descript ion:

Pretreatment:

Comments:

61SCpgg = -  9 .8 /%o

Sample of groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed'
under vacuum, to recover carbon O'ioxide from the barium carbonates for the analysis.
13C analySis was made on a small Portion of the same evolved gas.

l,lotes: This date is based upon th€ Libby half life (5570 years) tor t,lo. The ertot stat€d is t 10 as judged by
the analytical data a6ne. Our modern standard is-95%'ot ths activity of N.B.S' Oxalic Acid'

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHFIONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES a division of

KRUEGER ENTERPRISES, INC.

RADICCARBON AGE DETERMIMTION

711 CONCORD AVENUE } CAMBRIDGE, MASSACHUSETTS 02138 } U. S. A

TELEPHONE: (617)  876-36e1 TELEFAX:  (517)  661-0148

REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-24401

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
71A East 100 North
Lindon, Utah 84042

Date Fleceived:

Date Reported:

08106 /98

08 /19 /98

Sample Name:

AGE =

C,W.  Min ing :

12,990 + 400
(1 9.85 / r  0.98)

Morhland Portal

14C years  BP ( t  sC
o/o of the modern

06/10/98

c orrected) .
(1950)  14C ac t iv i tY .

Description:

Pretreatment:

Comments:

6130p9g =

Sample of groundwater.

The barium sall precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates lor the analysis.
13C analysis was made on a small portion of the same evolved gas.

'  9 .4 /  %"

Notes: This date is based upon ths Libby half lils (5570 years) for l,to. The orror staled is t 1o as iudged by
the ana$ical dala alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acld.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY A ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBB]DGE,  MASSACHUSETTS 02138-1002 + U.  S,  A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staf f  @geochronlabs com

RADIOCARBON AGE DFTERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

G X .  24  402

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

0B/06 /98

0B/19 /98

Sample Name: C.W. Mining: SBC.4

4,655 t  185 14C years BP
(56.0f t 1.29) oh ol the

05/25/98

(t  sC corrected).
modern (1950) 1 4C act iv i ty .do==

Descript ion:

Pretreatment:

Sample of groundwater.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, lo recover carbon dioxide from the barium carbonates for the analysis.
13C anafysis was made on a small portion of the same evolved gas.

Comments:

613Cppg = - g.d"t.

l,btes: This dato is basod upon th€ Libby half life (5570 years) for 14C. The erro, slatsd is + 10 as iudged by
the analytical data alone. Our modern standard is 957o of the activity of N.B.S. Oxalic Acid.

The age is refer€nced to the year A.D. 1950.

SPECIAL]STS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U . S
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff@geochronlabs.com

RADIOCARBON AGE DETERMIMTON REPORT OF AMLYTICAL_WQBK

Our Sample No.

Your Reference:

Submitted by:

GX-24403

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reporled:

08 /06 /98

08 /19 /98

Sample Name:

AGE =

C.W. Mining: BC-l 05/26/98

4,390 t,  145 14C years BP (1 3C corrected).
(57.90/t 1.04) "/o of the modern (1950) 14C acl ivi ty.

Descript ion:

Pretreatm ent:

Comments:

613Cpog =

Sample of groundrrvater.

The barium salt precipitale was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

' 5.9/7".

lstes: This date is based upon the Libby half lifs (5570 years) for llo. The error stated is * 10 as judged by
the analytical data alone. Our modern standard is 95% of tho actlvlty of N.B.S. Oxalic Acid.

The ags is refersnced to the year A,D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138.1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (617)661 -01 48 E-MAIL: staff @ geochronlabs.com

MDIOCARBON AGE DETERMIr\|/\TION REPORT OF ANALYTICAL WOBK

Our Sample No.

Your Reference:

Subrnitted by:

GX-24404

C.W. Mining Company

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

08 /06 /98

08 /19 /98

C.W. Mining: SBC.5

6,770 t 220 14C years BP
(43.052 t 1 .1 7) oh of the

05/26/98

(t sC corrected).
modern (1950) 1 4C act iv i tY '

Descript ion:

Pretre atme nt:

Commenls:

613Cpgg =

Sample of groundwater.

The barium salt precipitale was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13G analysis was made on a srnall portion of the same evolved gas.

- 1 0 . 6  /  % o

tlot€s: This dale is based upon the Libby half lif6 (5570 years) for 14C. The €rror stated is t 16 as judged by
th6 analytical data alone. Our modern standard ls 957c ol the activity of N.B.S. Oxalic Acid.

Tho age is referenced lo the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc-

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138'1002 + U .  SI

TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff  @geochronlabs.com

RADIOCARBON AGE DFTERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX.25313

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

01 /15 /99

03124 /99

Sample Name:

AGE =

SBC-g  Source

7,040 + 320 14C
(41 .62 + 1.64) olo

01 /0 6/99

Years BP ( t  g C corrected).
ot  the modern (1950) 14C act iv i tY.

oXcriprion:

Pretreatment:

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

Comments:

Sl3Oppg = -  10 .4  %o

Notes: This date is based upon the Libby half life (5570 years) for tac. The error slated is + 10 as iudged by
ths analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is refbrdnced-to thri year A.D. 1 950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc-

711 CONCORD AVENUE + CAMBRIDGE,  MASSACHUSETTS 02138-1002 + U.S 'A

TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff@geochronlabs'com

RADIOCARBON AGE DETERMIMTCIN HEPORT OF AI{ALYTICAL WQM

Our Sample No.

Your Reference:

Submitted by:

GX-25314

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Reported:

01 /15199

a3124/99

Sample Name: Deta Spring #r

5 ,110  +  230  14C
(52.95 + 1.50) o/o

01/06/99

years BP (t s c correcteq),
of  the modern (1950) 14C act iv i tY.J'

----/
Descript ion:

Pretreatment:

Comments:

6130p9g =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed'
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis-
13C analysis was made on a small portion of the same evolved gas.

- 7.9 %o

Notes: This date is based upon the Libby half life (5570 years) for lao. The error slated is t 10 as iudged by
the analytical data alone. Our modern slandard is 95% of the activity of N.B.S. Oxalic Acid'

The age is referenced lo th€ year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHROI{ LABORATORIES
a division of Krueger Enterprises, Inc'

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138.1002 + U. S.

TELEPHONE: (61 7)876-3691 TELEFAX: (61 7)661 -0148 E-MAIL: staff  @ geochronlabs-com

RADIOCARBON AGE DETERMIMTION REPORT OF ANALYTICAL W9E{

Our Sample No.

Your Reference:

Submitted by:

GX-25315

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

01 /15 /99

03124199

Sample Name:

AGE =

Def  a  Spr ing #2

6,930 + 290 14C
(42.21 t 1.52) o/o

01/06/99

Years BP ( t  sC correcled) .
of  the modern (1950) 1 4C act iv i tY.

Descript ion:

Pretre atment:

Commenls:

613Cp9g =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, lo recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

-  10.2 %"

Notes: This date is based upon tho Libby half tife (5570 years) for '4C. The error staied is + 10 as judged by
the analytical data alon€. Our modern standard is 95cA of the activity of N.B.S. Oxalic Acid.

The age is reterenced to the year A.D. 1950.

SPECIALTSTS IN GEOCHRONOLOGY & ]SOTOPE GEOLOGY



GEOCHROI{ LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S. A
TELEPHONE: (617)876-3691 TELEFAX: (61 7)661 -01 48 E-MAIL: staff @ geochronlabs com

RADIOCARBON AGE DETERMIMTION BEPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-24900

C,W. Mining

Mr. Kel ly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

1  1 /1  2198

a1 t26 l99

Sample Name: FBC.6

2,030 t
(77.66 +

6 /10 /98

180  1  4C yea rs  BP
1 .74) o/o of the

( t  sC corrected).
modern (1950) 1 4C act iv i ty .C'

Descript ion:

Pretreatment:

Comments:

013Opgg =

sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum fittered and imrnediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evohed gas.

'  1 1 . 1  % o

l.loles: This dale is based upon tho Litby half lile (5570 years) for 1aC. The error statd is + 1o as iudged by
the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxallc Acid.

The ags is referenced to the year A.D. 19S0.

SPEC]ALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHROI'{ LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U .  S
TELEPHONE: (61 7)S76-3691 TELEFAX: (61 7)661 -01 48 E-MAIL: staff  @ geochronlabs.com

MDIOCARBON AGE DETERMIMTION REPORT OF Ai.IALYTICAL WORK

Our Sample No.

Your Reference:

Submitled by:

GX-24901

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Reported:

1  1 /1  2198

01126/99

Sample Name:

AGE =

FBC-13

1 ,390 +
(84.12 f

6 /1  0 /98

135 1  4C years  BP
1.421 o/o of the

( tgC  co r rec ted ) :
modern  (1950)  14C ac t i v i t y .

Descript ion:

Pretreatment:

Comments:

613Opgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis,
13C analysis was rnade on a small portion of the same evolved gas.

.  11 .0  %"

Notes: This date is based upon lhe Lhby half lile (5570 years) for 1,1C. The eror slated is i 1o as judged by
lhe analylical data alon€. Our modern standard ls 95% ot the activity of N.B.S. Oxalic Acid.

The age ls referenced to lhe y€ar A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHROI'{ LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S A

TELEPHoNE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staft@ geochronlabs.com

REPORT oF ANALlTlgaL-vvoRllRADIOCARBON AGE DETERMIMTION

Our Sample No.

Your Reference:

Submitted by:

G X .24902

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
7'lO East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11112198

01 t26 /99

Sample Name: 16 -8 -6 -1  6 /29 /98

210  +  135  1  4C yea rs  BP
(97.42 t  1.67) o/o of  the

( t  sC cor rec ted) . .  -
modern  (1950)  14C ac t iv i tY .Jr-

Descript ion:

Prelreatment:

Comments:

613Op9g = -  11 .5  %"

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon Oioxibe from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

l,totes: This date is based upon the Librby half tife (5570 years) for lrc. The grolslatgd is t 10 as judged by
the analytical data alilne. Our modern standard is-95% ol ths activity of N.B.S. Oxalic Acid.

The age is relerenced to the year A.O. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



a division of Krueger Enterprises, Inc.
GEOCHRON LABORATORTES

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U .  S.

TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staf f@geochronlabs.co

1ADIOCAHBON AGE DETERMhIATION REPORT OF AMLYNCAL WORK

Jur Sample No.

t'our Reference:

Submitted by:

GX-24903 .1S

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Reported:

11 /12198

01 t26 /99

Sample Name:

AGE =

16 -8 -6 -1

1,770 t
(80.2s +

1011  2 t98

200 14C years  BP
1.95) o/o of the

(13C correctsd) :
modern  (1950)  14c  ac t iv i tY '

Descript ion:

Pretreatmenl :

Comments:

D130p9g =

Sample of groundurater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxiile from the barium carbonates. The carbon
dioxide was converted to benzene and counted by liquid scintillation. 13C analysis was
made on a small portion of the same evolved carbon dioxide gas'

-  10.2  %"

Notes: This date is based upon the Lit$y half life (5570 years) for 14C. The elror slated is t 10 as judged by
tho analytical data al6ne. Our modern standard ls 95% ol ths actlvity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECTALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRONI LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U. S A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staff @geochronlabs com

IDIOCARBON AGE DETERMIMTION REPORT OF ANALYIOALf/VQBK

rr Sample No.

)ur Reference:

rbmitted by:

G X .  2490  4

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Beported:

11112198

01126 /99

rmple Name: Morh la nd

13 ,610  t
(18 .39  r

Por ta l

640 1  4C
1 .46 )  %

10/1  2 /98

years  BP ( toc
of the modern.

cor rec ted) .
(1950)  14c  ac t iv i tY .

rscript ion:

etreatmenl:

rmments:

ICPDB =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum fillered and immediately hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas-

- 9.2 %o

)tes: This date is based upon the Libby half life (5570 years) for lao. The enor staled is + 10 as judged by
the analytical data alone. Our modern standard is 95% of th6 activity of N.B.S. Oxallc Acid.

The age is reterenced to the year A.D. 1950.

SPECIAL]STS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc,

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U .  S

MDIOCARBON AGE DFTERMIMTION REPORT OF AMLYTICAL WORK

TELEPHONE: (61 7)876-3691 TELEFAX: (61 7)661 -01 48 E-MAIL: sta{f @ geochronlabs com

Our Sample No.

Your Reference:

Submitted by:

GX-24905

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11112198

a1 t26 /99

Sample Name:

AGE =

S BC-4

4,890 t
(s4.39 r

1 0/29/98

400  14C yea rs  BP
2.721 olo of the

( t  g  C cor rec ted) '
modern (1950)  1  4C act iv i tY .

Descript ion:

Pretreatment:

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immedialely hydrolyzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis,
13C anafysis was made on a small portion of the same evolved gas.

Comments:

613Opgg = - 10,5 %"

Notes: This date is based upon the Libby half lile (5570 years) for 14C. Th€ error stated is t 10 as judged by
lhe analytical data alons. Our modern standard is 95% ot tho activity of N.B.S. Oxalic Acid.

The age is refer€nced to tho y€ar A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

711 CONCORD AVENUE + CAMBRIDGE,  MASSACHUSETTS 02138 '1002 + U.  S.  A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL: staf f@geochronlabs.com

RADIOCARBON AGE DETERMIMTION REPORT OF AMLYTICAL WQRK

Our Sample No.

Your Reference:

Submitted by:

GX-24906

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84A42

Date Received:

Date Reported:

11 /12 l98

01126 /99

Sample Name: S BG-s Overl low 10/29/98

6,330 + 24O 14C years BP (t sC corrected):
(45.47 + 1.37) o/o of the modern (1950) 1 4C activi ty..o==

D6scription:

P retre atment:

Comments:

61SOpgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuurn, to recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evolved gas.

-  10.4  16

Notes: This date is based upon the Libby half life (5570 years) for lao. The error stated is + 10 as iudged by
the analytical data alone. Our modern standard is 95o/o of lhe activity of N.B.S. Oxalic Acid.

The age is referenced to he year A.O. 1950.

SPECIALTSTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES

711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138-1002 + U.

TELEpHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAtL: staff  @geochronlabs.

REpORT OF ANLUT!0AL WORK

a division of Krueger Enterprises, [nc-

RADIOCARBON AGE DETERMIMTION

Our Sample No.

Your Reference:

Submitted by:

GX-24907

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11 /12198

01 t26 /99

Sample Name:

AGE =

B i r ch

7,290
(40.33

#1 Sou rce 1 0/29/98

+ 350 1 4C years BP (t  s C
t 1 .75) olo ol ths modern

corrected).
(1950)  14C ac t iv i tY '

Descript ion:

Pretreatment:

Comments:

613Cppg = - 12.4 Yoo

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, to recover carbon dioxi'de from the barium carbonates lor the analysis'
13C analysis was made on a small portion of the same evolved gas.

Notes: This date is based upon the Libby half llte (5570 years) for 14C. .The grl9lslat* is t 10 as judged by

the analytical data aline. Our modern stanilard is- 95o/o ol the activity of N'B.S' Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORIES
a division of Krueger Enterprises, fnc.

711 CONCORD AVENUE + CAMBRIDGE,  MASSACHUSETTS 02138.1002 + U.  S.  A
TELEPHONE: (617)876-3691 TELEFAX: (617)661-01 48 E-MAIL: staf f  @ geochronlabs.com

MDICCARBON AGE DETERMIMTION REPORT OF AMLYTICAL WORK

Our Sample No.

Your Reference:

Subrnitted by:

GX-24908

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
71 0 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11t12 t98

01 /26199

Sample Name: Birch #2 Source 10/29/gB

8,160 + 380 14C years  Bp ( t  gC cor rec ted) .
(36.21 + 1 .73)  o /o  o l  the modern (1950)  1  4C act iv i ty .f

oeEdription:

Pretreatment:

lomments:

i l3Cpgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filtered and immediately hydrolyzed,
under vacuum, lo recover carbon dioxide from the barium carbonates for the analysis.
13C analysis was made on a small portion of the same evofved gas.

-  g .g %o

',lotes: This date.is based upon the Libby half lile (5570 years) lor 14C. The error stat€d is r 10 as judged by
the analytical data alone. Our modern standard is 95% of the activitv of N.B.S. Oxalic Acid.

The age is reterenced to the year A.D. 1950.

SPECIALISTS lN GEOCHRONOLOGY & ISOTOPE GEOLOGY



a division of Krueger Enterprises, Inc.

GEOCHRON LABORATORIES

711 CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138-1002 + U.  S.
TELEPHONE: (617)876-3691 TELEFAX: (617)661-0148 E-MAIL:  s ta l f  @geochronlabs.com

MDIOCARBON AGE DETERMIMTION REPORT OF AMLYNICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-24918

C.W. Mining

Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received:

Date Reported:

11 t18 /98

41126 /99

Sample Name:

AGE =

S BC.3

2,980 +
(6e.00 I

1 1 / 9 / 9 8

350  1  4C
3.01)  Yo

years BP
ot the

( t  oC  co r rec ted ) .
modern  (1950)  14C ac t i v i t y .

Descr ipt ion:

Pretreatment:

Comments:

6130pgg =

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuurn filtered and immediately hydrolyzed,
ylger vacuum, to recover carbon dioxide from the bariurn carbonales toi tnb anilysis.13C analysis was made on a smail portion of the same evotved gas.

-  1  1 .4  7oo

l'lotes: This date..is bassd upon lhe Libby halt life (5570 years) for 14C. The error stated is r 10 as iudged by
tho analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is retersnced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



GEOCHRON LABORATORDS adivisionof
KRUEGER ENTERPRISES, IhIC.
711 CONCORD AVENUE } CAMBRIDGE, MASSACHUSETTS 02!38 + U . S A
TELEPHONE: (617) 876.s691 TELEFAX: (6t  n 66r-ol4s

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Subrni t ted by:  Er ik  Petersen
l , l ayo  and  Assoc  ia tes
710  Eas t  100  Nor th
L indon ,  UT 84042

DateRece ived :  11  /  12 /98

Date Reportd: 03 / 29 / 99

Your Reference:  Phone Cal  I

Our l-ab.
Number

Your Sample
Number Description 63s '

S

o
*

R-9 917 9 SBC-5  Over f low
1a/29/gB

Th is

Dup l i ca te  ana lyses  on

is  a  re -ana lys is  o f  a

BaS04

separa te  a l iquo ts

sample  o r ig ina l l y

-8 .4  -7 .9  * *

of  the  o r ig ina l  samp le ,

repor ted  on  02 /A2 /  99 .

otherwls€ noted, analyses are reported ln rL notation and are computed as follows:

usles standard is Catlon Diablo troilite sslus = o.ortso0rts



GEocHRotv LABORATORIES a crvisionor
KRUEGER ENTERPRISES, INC.
711 CONCORO AVENUE } CAMSRIDGE, MASSACHUSETTS 02138 + U. S. ATELEPHONE (617) 876-36et TELEFAX: (617) 66r.0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK
S u b m l t t e d b y :  K e l 1 y  p a y n e

Mayo and  Assoc ia tes
71A Eas t  100  Nor th
L indon ,  UT 84042

Date Received: 0B / 06 / gB

Date Reported: 10 / 19 / 98

Your Reference: C . l{. M i n ing
C h a r l e s  R e y n o l d s

Our Lab.
Number

Your Sampfe
Number Description trs'

sR-98005

sR -98 006

sR -g  8  007

sR-gB 008

sR-gB00g

T.  S.  Nor th  B leeder
5/26/98

Morh land por ta l
6 /1a/98

sBc-4 5 /26/gg

BC-1 5 /26/gB

sBc-5 5 /26/gg

BaS04

Ba SO4

Ba SO4

BaS04

BaSO4

BaS04

BaS04

separa te  a l iquo ts

+  3 '1

+11 ,2  +10 .8

+  6 ,0  +  5 .9

+  7 .5

+  3 .0

SR-98010 SDH=2 6/30/gB

sR-9801 1  sDH-3 6 /30/gB

* *  Dup l  i ca te  ana l yses  on

+ 9 .1

+16 .  B  /

o f  the  o r ig ina l  samp le .

**o
* *  -

'unless otlmrwise noted, analyses are reported in L notataon and are computed as follows:

6ss""'.'.tr. = f- "":bry -r l, rm
t 

ss/Ps","no"r6 
J

.,_--/' \4rhere:'

sStPS standad is Cafton Diabto tro,ilite sslas = Q.o4s@4g



GEOCHRON LABORATORIES acrvision or
KRUEGER ENTERPRISES, INC.
711 CONCORD AVENUE + CAMBRIDGE, IVIASSACHUSETTS 02138 + U . S. A
TELEPHONE: (612) s76-s691 TELEFAX: (617) 661-0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Subml t tedby :  Ke1 ly  Payne
Mayo and  Assoc  ia tes
710  Eas t  100  Nor th
L  indon  ,  UT 84  04  2

Date Received: 01 / 15 / 99

Date Reported: 03/ 11 / 99

Y o u r B e f e r o n c e r  C . W ,  M i n i n g

Our Lab.
Number

Your Sampfe
Number Description 6gs '

SR-99640  SBC-9  Sou  rce  BaS04
1/6 /99

-SR-99641  
Defa  Spr ing  l |1  BaS04

1/6 /99

SR-996U2 Defa  Spr ing  t l?  BaSOr l
1 /6 /99

**  Dup l i ca te  ana lyses  on  separa te  a l iquo ts

+10 .9  +J1 .1  t *

+  0 .7

+  3 -5

o f  o r ig ina l  sa rnp le '

'\-J VVhere:

gslgs 
standard ls Catlon Diablo troilite 3'slrs = o.o4sff{i



GEOCHROI{ LABORATORES acrvision ol
KRUEGER ENTERPRISES, Ih{C.
711 CONCORD AVENUE + CAMBRIDG€. MASSACHUSETTS 02138 + U . S
TELEPHONE; (617) 876.3691 TELEFAX: (6lz)  661-ot4s

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submi t tedby :  Ke l1y  Payne
Ma yo  and  As  soc  i  a  tes
710  Eas t  100  Nor th
L  indon  ,  UT 8404  2

Date Received: 1 1 / 16/ 98

Date Reported: 02/ -2 / 99

YourRefe rence :  C .W.  M in ing
C h a r l e s  R e y n o l d s

Our Lab.
Number

Your Sample
Number Descrlptlon 69s'

sR-99173 FBC-6 6 /  10/gB

sR-9917 4  FBC-1 3  6 /  10/98

sR-99175 1  6-8-6-1  6 /  1o/98

sR-99176 16-8-6-1  10/12/gB

SR-99177 Morh land Por ta l
10/12/98

sR-gg17B sBc-4 10/29/gB

SR-99179 SBC-5 Over f l -ow
1A/29/98

SR-99180 B i rch l t1  Source
10/29/98

SR-99181 B i rch t lz  Source
10/29/98

sR-99182 .  SBC-3 11/Ag/98

* *  Dup l i ca te  ana lyses  on  separa te  a l iquo ts

+1  .9

+5 .0

+ 2 . Q

+1 .  B

+11 .1  +10 .9  l+ *

+5 .  1

-7 '  B

+5.1

+5 .0

+G .5

o f  the  o r  ig  ina l  samp le .

BaS04

Ba SO4

BaSO4

Ba SO4

Ba SO4

BaS04

Ba S04

Ba SO4

Ba SO4

Ba S04

'Unless othenrise noled, analyses ara report€d in L nolation and are conrputed as follows:

6ss,.,",.,o6.,-= |*p. 
_, 

I*'*
L 

*s/*%tendard 
J

*-/ Where:

sSlgS standard is Cafton Daablo troilite sslps - o.o4sm4s



uNlvEtul'l'\'(x;

?

M a y  2 8 ,  L 9 9 2

o

j 'I:i.:T' I UI,I *g6ll.,i1'ORY

D: r l - .a  Rc lcase  #92-32  Amendment
J o b  #  3 9 1

CC-OP I I INING COMP/rNY
' IRI 'TIUM SAMPLES

Ruscnsticl k'bool of Merine and Arnrospheric Sciencs
'fr i t ium 

Lrboraton'
-i(rl)() Rickcnbackcr (.:ruscu'uv

.\truni, Fl<lrida )) I -t9. I U9tt
(  1 { )S  I  } 61 - {  I  tX )

i---\ \ ,----') l

,4c\w i''==>
Zafer  Top
Research  P ro fesso r

Dis t r ibut ion:
i  go-op Mining Conpany

Box L245
Hun t ing ton ,  U tah  84528

o



CI ient :  CO -Op I, I ININc COl"tpANy
R e c v d : 9 2 / O 4 / L O
J o b +  :  3 9 1
F ina l  :  92 /05  /26

Cus t IABEL INFO

I-AB REMEASUREMENT

P u r c h a s e  O r d e r :  C H E C K
Contac t :  Char les  Reyno lds  ,  8OL/381  -  2450

B o x  L 2 4 5  ( f a x )  / 3 8 1 - 5 2 3 8
Hunt , ington,  Utrah 81+528

JOB. SX REFDATE QUANT ELYS TU eTU

C O - O P - - S B C - 9

Average of  dupl icace runs

391 .02 920408 1000 275 0 .87*  0 .  10



o

I

TRITIUM I"ABORATORY

D a t a  R e l e a s e  # 9 2 - 3 8
J o b  #  3 9 8

CC-OP MINTI ' IG COMPANY
TRITIU},I  SAMPLES

Rosensticl School of Marine and .\rnrosphcric Se iencc
Tritium l.rboratory

-i(r00 Rickcnbacker Causcwav
I l iami .  F lor ida lJ  I  {9 . t  ( )98

(  - io5 )  _ t6 l - {  r  oo

' \ l  - -

_7?4p-,/ i+s->
Dr. Zafer Top
Research Professor

D is t r i bu t i on :
Co-Op Min ing Company
Box L245
Hun t i ng ton ,  U tah  84528

a



CI iCNI : CO - OP MINING COTTPANIY

; i t  
' ,  nt f  u/30 

vv'rrm\ t  

aonracr:  
purchase orcier:  crEcK

r:inal i gi)osns "<.rncacEi tn";:;'rlil""to;;.1 
yll:nt:ii:i

cus L Lq,BEL rNFo 
Hunr ington ,  u  rah B45i /B

C O .  O P -  - S B C -  5
-  3 9 8 . 0 1  9 2 0 4 2 7  1 0 0 0  2 7 5  1 . 1 2 , k  0 . 1 0* Average of  dupl icate runs

o

o



:UNTYERSIryOII

o

o

D i s t r i b u t i o n :
C o - O p  M i n i n g  C o m p a n y
Box  LZ45
H u n t i n g t o n ,  U t a h  8 4 5 2 8

TRITTU]"I I,ABORATORY

l . : ; i  1 - ; r  R e l e a s e  i 9 ? . - 3 ? .
. i c i :  #  3  9 1

CO-OP MINTNG COMPANY
T'I i ITTU}, I  SA]"1PLES

Roscnstiel Sclrool of lvtarine and Atmospheric Science
'Iiirium 

laborlrorl'
{600 Rickenbacker Causervay

tr{iami, Florida 13 I i9. I 098
(  305  )  361 - i  l 0 ( )

a



C I i e n c :  C O - O p  M I N I N G  C O M P A N Y
R e c v d  :  9 2 / 0 A / L O
J o b f  :  3 9 1
F i n a l : 9 2 / 0 a / 2 9

Cus E TABEL INFO JOB. SX REFDATE QUAI.IT ELYS TU eTU

co -oP-  - sBC-4  391 .01  g2o4o8  1000  263  L7  . 2  0 .6c0 -0P-  - sBc -g^  39 r . 02  920408  r0o0  275  0 .901  0 .09
l?_? i : : : : : - to  3e1.03 s2o4o8 1000 267 r . t+( ,  0ce
r :  R E R U N  i n  p r o g r e s s .  p l e a s e  c a l l  f o r  r e s u l c . ' t '

I

- l /

a _

?.r

. ,'
)v -/

t Gf-L

i c '  f '
-t''dv-

Fr\'(

P u r c h a s e  O r d e r :  C l l E C t (
C o n t a c t :  C h a r l e s  R e y n o I d s ,  S O L / 3 9 l  -  2 4 5 0

B o x  L 2 4 5  ( f a x )  / J g L - 5 ? 3 2
H u n t i n g c o n ,  U c a h  8 4 5 ? - 8

dul' '* '  
i7 "

".-?
r r L
E . '

| ,'vt

I '

vL' 
i(

^ (9,*
i,-\



CllCNC: CO.OP }TINING GOMPANY
Recvd t 96/05/24
Job# : 847

fFLnal t 96/06/LL
U

zCugt IABEL INn)

Purcherc Ordrr t 12264
Contec t : Co.0p ltt ntag Co , 80V687 ,245A

P.0. Box l2h5 Fex '5238
Hunttngson, UI 84528

JOB. SX REFDATE QUANT ELYS ItI olU

CO.OP BIRCH SPRING
CO.OP BIC BEAR SPRINC
co.oP gBg.g souRcE

947 .01
847 .02.
947 ,03

960520 1000
960520 e50
950515 1000

0 .35  0 .10
L4 .2  0 ,5
0 .36  0 ,0g

275 r
229
247 r

r: RERUN l,n progr.Bo

o

o



I.]NIVBRSI]-\'

i i

( 0

DisEr i bu t i - on :
E r i ck  C .  Pe te r sen
Mayo  &  Assoc ia tes
710  Eas [  100  No r th
L indon ,  UT  84042

January  3  ,  L997

TRITIUM LABORATORY

D a [ a  R e l e a s e  # g ' l - 1 0
J o b  #  9 0 5

MAYO & ASSOCIATES
TRITIUM SAIV1PLES

Head,
.  Goce
Tr i t i-um

-t--Y

Os t  l und
LaboraIory

Rosenstiel .re-hool of Marine and Atmospheric Science

Tritium [:boratory

4600 Rickenbacker Causewav
Miami. Florida 33149-1098 t

( 3 0 5 )  3 6 1 ' 4 1 0 0



-CTi",,t: 
},IAYO and ASSOCIATES

R e c v d : 9 6 / L T / 1 8
Job# :  905
Final  :  97 /Ol /02

Cust I*A.BEL INFO

E. Perers.,,, 
txl"|:fi":'ffiir3l:31??

710  EasE 100  Nor th  (F ) /785-2387
Lindon, Utah 84042

C O .  O P
Contac t :

JOB. SX REFDATE QUANT ELYS TU ETU

M A Y O -  S B C - 9  S o u r c e  ( C O - O P ) 9 0 5  . 0 1 9 6 1 1 1 3  1 0 0 0 2 5 0  * 0 . 5 0  0 . 0 9

Average of  duPl icate runs

o

a-



t:NlvEILSll'\' ol:

Janua ry  3 ,  a99 -7

D i  s t  r i buE  i on  :
E r i ck  C .  pe te r sen
Iv layo  &  Assoc ia tes
710  Eas t  100  No r th
L indon ,  UT  84042

TRITIUM LABORATORY

D a t a  R e l e a s e  # 9 7 - 1 1
J o b  #  9 0 5

MAYO & ASSOCIATES
TRIT IUM SAMPLES

H e a d ,

Rosenstiel School of Marine and Atmospheric Sciencc
Tritiurn laboratory

4600 Rjckenbacker CausewaY
Miami, Florida 33 149- 1098

(  305  )  361 -4 lOO

.  G o t e
Tr i t .  rum

OsI l und
Laboratory



Client: MAYO ANd ASSOCIATES
Recvd :  96 /LL/L9
Job* :  9Q6
Final  :  97 / }L/OZ

Cus t IABEL INFO

Purchase  Order :  96 -0107

P e t e r s e n ,  K .  P a Y n e ,  B 0 L / 7 9 5 - 0 2 1 1

710  EasE 100  Nor th  (F )  /785-2387
Lindon, Utah 84042

C O - O P
C o n t a c t : E .

JOB. SX REFDATE QUANT ELYS TU ETU

MAYO-  DH-z  (CO-OP) 9 0 5 .  0 1 9 6 1 1 1 5  1 0 0 0 27s - 0 . 0 3 0 . 0 9



Dis t r i buL ion :
E r i ck  C .  Pe te r sen
Mayo  &  Assoc ia tes
710  Eas t  100  No r th
L indon ,  UT  84042

TRITIU{ LABORATORY

Data  Re lease  #91  -23

Job  #  919

MAYO & ASSOCTATES
TRITIUq SAMPLES

Roscnstiel School of Marine and Atmospheric Science

Tritium Laboratory

4 (rOO Ricke nbacker Causewa-v
Miami. Florida J3l 49' l  098

(  ] 0 5 )  3 6 1 - 4 1 0 0

Feb rua ry  20 ,  1997

Head, Tr i t ium Labora[ory



Clienc: | ' IAYO and ASSOCIATES

Recvd ;  97  /0L /02
J o b *  :  9 1 9
F ina l  :  97  /A2/LB

Cus E I-ABEL INFO JOB. SX REFDATE QUANT ELYS TU

ENERCY WEST
C o n E a c t :  E .

Purchase  Order  :  96 -0 f11

P e t e r s e n ,  K .  P a Y n e ,  B 0 I / 7 9 6 - 0 2 L 1

710  Eas t  100  Nor th  (F )  /785-2387
Lindon, Utah 84042

eTU

MAYO. CO.OP MINE 3RD W.FAULT 9 1 9  . 0 1 961209 1000 273 -0 .02 0 . 0 9

qnfi '

9,1
;i 

g'''$
\r- 

pvs Vd

a



i L-.''

) r  s I r r b t t t r on :
l . e  I  l y  Payne
t ' l a yo  &  Assoc  i a tes
?10  Eas [  f 00  No r th
L indon ,  UT  81042

Oc tcbe r  B ,  1998

TRiTIUM LABORATORY

Data  Re lease  #98 -BB
Job  #  1105

IV]AYO & AS SOC IATES
T R I T T U M  S A M P L E S

Pro fesso r  Emer i r . us

Schoo l  o f  Mar ine  and  A tmospher i c  Sc ience
T r i t i u m  L a b o r a t o r Y

4 6 0 0  R i c k e n b a c k e r  C a u s e w a Y
t l i a m i ,  F l o r j - d a  3 3 1 4 9 - 1 0 9 8

P h o n e r  ( 3 0 5 )  3 6 i - 4 1 O O
F a x :  ( 3 0 5 )  3 6 1 - 4 1 1 2

UNIVERSIT}'

l -H  E ROSI ]N S l - l  I rL  SCHoOL

ffis_

R o s e n s t  i e ]



Client:  t ' lAYO. and ASSOCIATES
R e c v d  :  9 8  / A B / 0 6
, J o b #  : 1 1 - 0 5
F i n a l  :  9 8 / L o / 0 7

CusI I,ABEL INFO

-  C .  W .  M T N I N G

JOB. SX REFDATE QUA},TT ELYS TU

P u r c h a s e  O r d e r :  9 8 - 0 0 1 3
C o n t a c t :  K .  P a y n e  8 A 7 / 7 9 5 -  0 2 1 1

7 1 0  E .  L 0 0  N o r t . h ,  ( F )  7 8 5 - 2 3 8 7
Lindon, UT 84042

eTU

I" IAYO-T. S . NORTH BLEEDER
T4AYO-MORHLAIID PORTAL

MAYO- SDH- 2

MAYO- SDH- 3

MAYO- SBC - 4

MAYO-BC-1

MAYO-SBC-  5  PRE-TEST

MAYO- SBC * 5

I4AYO- FBe- 5

[4AYO-  ] - 6 -7  - I 2 -6

M A Y O , I - 5 - 8 - 8 - 5

M A Y O - 1 5 - 8 - 6 - 1

M A Y O - S B C - 1 2

MAYO_ CA}TYON RD . SPRING

M A Y O - 1 5 - 8 - 5 - 1

1 1 - 0 5 . 0 1
1 1 0 5 . 0 2
1 1 0 5 . 0 3
1 1 0 5 . 0 4
1 1 0 5 . 0 5
1 1 0 5 . 0 5

1 1 0 5 .  0 7
1 1 0 5 . 0 7

1 1 0 5 . 0 8
1 1 0 5 . 0 9
1 r - 0 5 . 1 0
1 1 0 5 . l _ 1
1 1 0 5 . 1 2
1 1 0 5 . 1 " 3
1 1 0 5  . 1 4

9 8 0 5 2 5  r _ 0 0 0
9 8 0 6 1 0  t _ 0 0 0
9 8 0 6 3 0  1 0 0 0
9 8 0 5 3 0  1 0 0 0
9 8 0 5 2 5  1 0 0 0
9 8 0 5 2 5  1 0 0 0

9 8 0 5 2 5  1 0 0 0
9 8 0 5 2 5  1 0 0 0

9 8 0 5 1 0  1 0 0 0
9 8 0 5 1 0  1 0 0 0
9 8 0 6 2 9  1 0 0 0
9 8 0 5 2 9  r _ 0 0 0
9 8 0 6 2 9  1 0 0 0
9 8 0 5 2 9  1 0 0 0
9 8 0 5 3 0  r _ 0 0 0

2 7 r
254
250
2 2 2
D I R
D I R

2 5 0
250

D I R
D I R
D I R
DTR
D I R
D I R
DIR

22 - '

2 O -
1 4  Y . z

1 1  t  z

2 9 -
2 A
1 3  * z

0 .  0 7  -  0 . 0 9
5  . 5 2  -  0 . 1 8
o . L 3 * /  0 . 0 9
0 . 3 2 * . ,  0 . 0 9
1 3 r  '  3
1 5  r  3

n
U )

Q . 4 9 * -  0 . 1 - 0

J

J

J

3
3
3
I

*
r

Average of  dupl icate runs
LABORATORY RERUN in progress.  wi l l  report  by phone i f  d i f ferent f rom
ORIGINAL va lue .



I t l t :  t ( ( ) S i  \ S l l l l  5 ( ' l l ( ) (  ) [

Novembe r  l .B , 1 9 9 8

.fRTTIUIVI LABORATORY

Data  Re lease  #98  -  BB  Amendmen t
Job  #  1105

T4AYO & AS SOC IATES
TRITIUM SAMPLES

DrsL r rbu t  i on :
Ke I  I y  Payne
Mayo  &  Assoc ia tes

"10  Eas t ^  100  No rL i r
L i ndon ,  UT  84042

Rosens t ie ]  Schoo l  o f  Mar ine  and  A tmospher i c  Sc ience
? r i t i u m  L a b o r a t o r y

4 6 0 0  R i c k e n b a c k e r  C a u s e w a y
I t i a m i ,  F l o r i d a  3 3 1 4 9 - 1 0 9 8

P h o n e :  ( 3 0 5 )  3 6 1 - 4 1 0 0
F a x :  ( 3 0 5 )  3 6 1 - 4 1 1 2

.  James
soc ia te

n n o ' l  I
t / t / \ -  4  +

Resea rc i r  P ro fesso r



e
CuSE I,ABEL INFO

LABORATORY RERUNS

Cl ienL;  l r ' lAYO and ASSOCIATES -  C.W'  Min ing

R e c v d  :  9 8  / O e / 0 5

P u r c h a s e  O r d e r :  9 8 - 0 0 1 3

C o n t a c E :  K .  P a Y n e  8 0 1 - / 7 9 5 -  0 2 1 1

7 1 - 0  E .  1 0 0  N o r t h ,  ( F )  7 8 5 - 2 3 8 7

L indon,  W 84042

eTUJOB. SX REFDATE QUANT ELYS TU

MAYO-SBC-4 DIRECT

MAYO-BC-1 DIRECT

M A Y O . 1 5 - B - 8 - 5  D I R E C T

M A Y O - 1 5 - 8 . 5 - 1  D I R E C T

l _ 1 0 5 . 0 5
1 1 0 5 . 0 5
1 1 0 5 . 1 0
1 1 0 5 ,  1 1

9 8 0 5 2 6  1 , 0 0 0

9 8 0 5 2 5  1 0 0 0

9 8 0 6 2 9  r 0 0 0

9 8 0 6 2 9  1 0 0 0

DIR
D I R
D I R
D I R

L 4
1 3
t 2
t 2

* 3
* 3
* 3
* 3

AII  reruns agree with or ig inal  runs, '  above values are average

of  dup l i caEe runs



I  l . l t  l i r  ) 5 1 : \ s  I  l ' : l  5 ( ' t l (  ) (  ) l

TRITIUM LABORATORY

D a [ a  R e ] e a s e  # 9 9  -  0 5

J o b  #  1 1 4 5

MAYO & ASSOCIATES
TRITIUI4 SAMPLES

l u

J a n u a r Y  5 ,  1 9 9 9

James
s t a n t

C\

11
Pro f  e , s  so rch

D .
R e s

Disc r i bu t i on :
E r i k  C .  Pe te r sen
MaYo  &  Assoc ia tes
7 lb  Eas t ,  100  No rch
L i .ndon,  UT 84042

Rosens t ie l  Schoo l  o f  Mar ine  and  A tmoopher i c  Sc ience
T r i t i u m  L a b o r a t o r y

4600  R ickenbacker  CausewaY
u i a m i ,  F l o r i d a  3 3 1 4 9 - 1 O 9 8

P h o n e r  ( 3 0 5 )  3 6 1 - 4 1 O 0
F a x r  ( 3 0 5 )  3 5 1 - 4 1 1 2

e m a i L :  t r i t i u m € r s m a s .  m i a m i .  e d u

t
.\ ci.

" " Iea r



Client:  I4AYO and ASSOCIATES
R e c v d  :  9 8  / t t / t z
J o b #  :  1 1 4 5
F i n a l  :  9 B  / t Z / Z t

CusT LABEL INFO JOB. SX REFDATE QUA}IT ELYS TU

C .  W .  M I N I N G P u r c h a s e  O r d e r :  9 8 - 0 0 1 5
C o n t a c t :  K .  P a y n e  e l l / 7 9 6 -  0 2 L I

7 I 0  E .  1 0 0  N o r t h ,  ( F )  7 8 5 - 2 3 8 7
L indon,  UT 84042

eTU

MAYO-C . W. M. MORHLA}TD PORTAL
MAYO-8.  W.  M.  SBC-  5  OVERFLOW
M A Y O - C . W . M .  B I R C H  1  S O T ] R C E
MAYO-C. l^1 .  M.  B IRCH 2  SOURCE
M A Y O - C .  W .  M .  S B C -  3
M A Y O - C . W . M . , ,  1 5 - g - 5 - 1
MAyo- C . w . v . lo tyr- 7 - t2 - 6
MAYO-C.w. t4.wrac-a,
M A Y O - C .  W .  M .  F B C -  5
M A Y O - E . W . M .  F B C - 5
M A Y O - C  .  W .  M ,  F B C -  1 2
M A Y O - C . W . M .  F B C . 1 3
MAYO-C.W.M.  CANYON RD
M A Y O . C .  W .  M .  C K -  2
M A Y O - C  .  W .  M .  B C _  1
M A Y O - C .  W .  M .  S B C - 4

D I R
D T R
D I R
D I R
D T R
D I R
D I R

.  D I R
D I R
D I R
DIR

1 1 4 5 . 0 1
1 1 4 5 . 0 2
1 1 4 s . 0 3
1 1 4 5 . 0 4
1 1 4 5 . 0 5
1 1 4 5 . 0 5
1 1 4 5 . 0 7
1 1 4 5 . 0 9
1 1 4 5 .  0 9
1 1 4 5 . 1 0
1 1 4 5 . 1 1
1 1 4 5 . 1 2
1 1 4 5 . 1 3
1 1 4 5 . 1 4
1 1 4 5 . 1 5
1 1 4 5  . 1 5

9 8  1  0 1 2
9 8 1 0 2  9
9 8 1 0 2  9
9 8 1 0 2 9
9 8 1 1 0 9
9 8 1  0 1 2
9 8 1 0 1 2
9 8  r _ 0 1 2
9 8 1 0 1 2
9 8 1 0 1  2
9 8 r - 0 1 2
9  8  1 . 0 1 2
9 8  1 0 1 2
9 8 l _  0 1 2
9 8 1 - 0 2  9
9 8 1 _ 0 2  9

1 0  0 0
1 0  0 0
1  0 0 0
1 0 0  0
1 0 0  0
1  0 0 0
1 0  0 0
1 0  0 0
1 0 0 0
1  0 0 0
r - 0 0 0
1  0 0 0
1  0 0 0
1  0 0 0
1 0 0 0
1 0 0 0

2 4 5
2 7 5
2 6 6
2 7 5
2 7 5
D I R
D I R
D I R
D I R
D I R
D I R
D I R
D I R
D I R
D I R
D I R

5 .
0 .
U .

n

7 .
1 2
2 0
2 2
2 L
2 5
3 2
2 2
1 9
L 7
2 3
l . ' l

4 I

4 7 *

3 3 *

3 7 ' t

7 9

0 . 1 8
0 . 0 9
0 .  0 9
0 . 0 9
0  . 2 6

J

3
3
3
3
3
3
3
3
3
3

Average of dupl icat.e runs



UNIVERSITY

' l - l  
|  |  '  RO. \ l :N .S ' l - l l : l -  SCIJOOI ,

Feb rua ry  : - - 9 ,  I ggg

TRITIUTV1 LABORATORY

DaEa Re lease  #gg-30
Job  #  11G9

MAYO & ASSOCIATES
TRTTIU}4 SAMPLES

Dis t r ibuL ion :
Er i k  C .  pe te rsen
Mayo &  Assoc ia tes
710  EasL  100  Nor rh
Lindon,  UT 94042

R o s e n s L i e l  s c h o o L  o f  M a r i n e  a n d  A t m o s p h e r i c  s c i e n c e
1 ' r i t i u m  L a b o r a t o r y

4 G 0 0  R i c k e n b a c k e r  C a u s e w a y
t ' t i a m i ,  F l o r i d a  3 3 1 4 9 _ 1 0 9 8

P h o n e :  ( 3 0 5 )  3 6 1 - 4 1 0 0
F a x :  ( 3 0 5 )  3 d 1 - 4 1 1 2

o m q i ' l  .  f > i l i * h a  _ i _ _ :  _ . 1

James
ist .ant

D.  HAppeI l
Research  P ro fesso r



C1ient: t lAYO and ASSoCIATES

R e c v d  :  9 9  / o I / ! 5
t l o b #  : 1 1 5 9

F i n a ]  :  9 9  / o z  / t e

CusI LABEL INFO

Purchase  Orde r  :  99 -0003

C o n t a c t :  K .  P a Y n e  e O ! / 7 9 6 - O 2 L L

7 L O  E .  L O O  N o r t h ,  ( F )  7 8 5 - 2 3 9 7
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e

|f,ayo a ^lsso ciotes, LC
ls fn Hydrogeology

Application of Selected Isotopes t Hydrogeologic Problems

Oxygen-l8 (6tto ) and Hydrogen-2 162II )

Worldwide, the 6zH and 6t8O of precipitation (rain
relationship:

E2H :  8(6'80; +

Where s is the slope and d is the deuterium (hydrogen
Craig (1961) and Dansgaard (1964) have shown that,

snow) generally follow the empirical

(%')

) excess (Merlivant and Jouzel, 1983).
the global scale, s approximates 8 and d
ic Water Line (MWL) is thereforeapproximates 10 for coastal meteoric water. The M

defined as:

6'H = g(6t80; + 0 (7oo)

The 6t8O and 62H composition of groundwaters can used to help evaluate the origin, flow and
mixing patterns of groundwaters. Groundwater rechar during cooler climates or at higher
elevations will have more negative isotopic compositi than groundwater that recharged during
wafiner climates or at lower elevations. Groundwa which have been heated above about

tO shift relative to the 6tH composition.100'C during deep circulation will exhibit a positive 6
Groundwater of non-meteoric origin (i.e. connate and gmatic) will not plot along the MWL.

Carbon-l3 (6'3C)

Most groundwater acquires 50 percent of its carbon
carbon from the dissolution of carbonate minerals in

soil zone water and 50 percent of its
soil zone or aquifer skeleton. Because

the 6'3C of rnarine carbonate minerals is about 0y* ( ller and Mayo, 1986) and soil zone COt
a 6''C of approximately -9 to -l3o/oo.gas has a 6r3C of - l 8 to -27Yoo, most gtoundwaters hav

Sulfur-34 (6345)

The anticipated range of 6345 values in Mesozoic ear Terfiary gypsum and anhydrite is +10 to
ifer temperatures, isotopic fractionation
AS:

+20yN (Holser and Kaplan, 1966). At non-thermal
accompanying gypsum dissolution may be

CaSOo,,,
(6 'o5 -+ l5o/oo)

tus enrichment Ca2*
= (6'o5 : +9

soi'

7lO Eost 100 North . Lindon, Ufoh 84042 .

)

1-796-0211 ' Fox 8Ol -785 -2387



where the value 6tnS = +75yoo has been arbitrarily selected.

The typical 6345 value of magmatic pyrite is about0yu(Faure, 1986). A 6345 of -2.2%oo has been
reported forpynte in the Park City, Utah District (Thode and others, 1961). Mayo and Klauk
(1991) found a mean 63o5 of +1.3 Y*in groundwater from non-carbonate (crystalline rock)
aquifers in north central Utah. Mayo, Petersen, and Kravits (unpublished data) found a 63o5
value of pyrite in the SUFCO coal mine, Utah of +3.4%w. Sulfur isotopic fractionation does not
accompany the dissolution of pyrite.

Tritium ('It)

Tritium (tH), the radioactive isotope of hydrogen, has been used in groundwater investigations to
differentiate between groundwaters which recharged prior to or after the advent of atnospheric
thermonuclear weapons testing. Tritium, whose half-life is 12.43 years, forms naturally in the
upper sfiatosphere by the interaction of toN with cosmic ray neutons according to the reaction:

t oN+n+ tH  + r2c

Tritium is rapidly incorporated into water molecules and is removed from the atmosphere by
precipitation.

Prior to the advent of atmospheric thermonuclear weapons testing in 1952, tritium activity in
precipitation ranged from 4 to 25 hitium units (ru). One TU equals one 'H atom per 108
hydrogen atoms. In mountainous areas, larger natural concenfrations have been observed
(Fontes, 1983). During the peak of atmosphenc weapons testing, tritium levels in precipitation
rose to more than 2,200 TU in some northern hemisphere locations (Fontes, 1983). As of 1987,
the 3H concenfrations in rain water varied from 25 to 50 TU. Unpublished data of 1991 ,1992,
and 1997 snow and rain samples collected in the central Wasatch Range, Utah have 3H

concenhations ranging from about 5 to 20 TU or rnore.

Carbon-l4 (r4C )

Carbon-14, the radioactive isotope of carbon, has a half-life of 5730 + 30 years (Godwin,1962).
Carbon-I4 is produced in the upper atmosphere by a variety of reactions that involve the collision
of cosmic radiation (neutrons) with stable isotopes of nitogen, oxygen, and carbon. The most
important of these reactions is between neutrons and roN according to the reaction:

n * rN+ tnC*p

where n is a neutron andp is a proton (Libby, 1955). Carbon-l4 is incorporated into COr,*, and
rapidly mixes throughout the atmosphere and hydrosphere where steady state equilibrium
between 'oC production and raC decay is attained (Faure, 1986).

The pre-industrial revolution atmospheric raC content has been assigned the steady state value of
100 percent modern carbon (pmc). The burning of fossil fuels and the advent of atmospheric
thermonuclear weapons testing greatly altered the roC activity in post-industrial revolution
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atmosphere. Burning of fossil fuels, whose toc had
decreased the raC content in the troposphere in the n

ously completely decaYed awaY,
hern hemisphere by about 3%

(Houtermans and others, 1967). Atmospheric wea testing greatly increased the atmospheric
raC activiry by the mid-l960's (Ferronsky and Pol v, 1982).

The post-industrial revolution atmosphenc roC perrur
measuring the raC content of groundwater make the

ions and laboratory measurement error m
liable lower limit for roC dating about 450

years. The upper limit of tnC dating, using conventi 1 laboratory analytical methods, is about
35,000 years.

Estimating the age of dead wood or other organic bon is relatively simple. The roC activity of

to be 100 pmc. The radiocarbon date ispre-industrial revolution organic material is
then corrected for systematic variations in a ic rnC that have been established by
comparing tree ring dates of the wood of Sequoia a Bristlecone Pines with their corresponding
radiocarbon ages (LaMarche and Harlan, 1973; Mic and Rall 1970).

Estimating the radiocarbon age of groundwaters is as straightforward as estimating the age of
dead organic matter. Groundwater acquires carbon numerous sources, many of which had

t of groundwater is affected by fourinitial taC activities of less than 100 pmc. The roC

factors:

1) the addition of "live" carbon (i.e., toC *
COztrl in the soil zone,

00 pmc) from the biogenic production of

the addition of "dead" carbon from the athering of minerals in the soil zone and
the dissolution of carbonate minerals in soil zone or aquifer (i.e., toC ̂, 0 pmc),

3) the addition of "dead" carbon from the il or aquifer during isotopic exchange
reactions, and

4) the addition of both "live" and "dead" by other processes.

The crux of dating groundwater is estimating the ini I t4C activity (1,) of the water at the time

of recharge. This may be accomplished by using
groundwater and applying corection procedures.

solute and isotopic chemistries of the
ion procedures for estimating Aoate in

the form of mathematical equations that attempt to count for the confiibution of "dead" carbon
and toC from various sources. and for the effects of
processes.

isotopic exchange and fractionatton

2)
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Appendix D

Diagram of Birch Spring sources
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PROBABLE I{YDROLOGIC CONSEQUENCES OF MINING

This document describes the probable hydrologic consequences (PHC) of coal mining in the

current Bear Canyon Mine permit area ("current permit area") and the permit expansion area,

including the Mohrland area as described on page I of the June 25,2001 report

"lnvestigation of groundwater and surface-water systems in the C.W. Mining Company

Federal Coal Leases and Fee Lands, Southern Gentry Mountain, Emery and Carbon

Counties, Utah" by Mayo and Associates, LC. The distinction between these two areas is

important because, groundwater systems in these areas are hydraulically isolated from each

other by the Bear Canyon Fault. This PHC detennination is required by R645-30I-728 of

the State of Utah Coal Mining Rules and appropriate subsections of the rules. This PHC

determination is based on the data and information presented in Sections 1-8 of the 2001

report and is an addendum to the 2001 report. The hydrologic evaluation presented in

Section 1-8 of the 200l report also includes the Mohrland area.

1.1 Possible adverse impacts to the hydrologic balance (728.310)

1.1.1 Groundwater

In general, there are two mechanisms by which mining in the proposed permit area has the

potential to adversely impact natural groundwater discharge rates from horizons overlying or

underlying mine workings. The first mechanism is the direct interception and dewatering of

groundwater contained either in perched systems in horizons directly overlying the mined or

groundwater associated with faults or fractures. The second mechanism is the dewatering of

Revised PHC of coal mining in the Bear Canyon
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perched groundwater higher in the stratigraphic section caused by intemrption and

deformation of strata above subsided areas. These mechanisms are discussed below.

Direct interception of perched groundwater

As described in Section 6.3, most water encountered in the workings of the Bear Canyon

Mine in the current permit area discharges from inactive-flow perched groundwater systems.

Waters in these systems are not in good hydraulic communication with the recharge and

discharge areas. This is indicated by the radiocarbon ages of these waters (500-9,000 years),

the lack of tritium in these waters, and the rapid decreases in discharge rate after a source of

water is encountered (often days to weeks). Although a significant quantity of water has

discharged from the large sandstone paleochannel encountered in the northern extent of the

Blind Canyon Seam workings in the current permit area for a longer period of time, this

inflow is nevertheless supported by an inactive-flow groundwater system. Discharge from

this channel (measured at SBC-9 and SBC-10; Figure 10c and 10d) took longerto decrease

because of the greater length of that particular channel. Both SBC-9 and SBC-10 are now

inactive monitoring sites. Since 2002 all Mine I water, including discharge from the

paleochannel reports to SBC-9A. Because measured discharge at SBC-9A has been as low

as 3 gpm, it is likely that the discharge from the channel has essentially ceased.

Calculations of the steady-state flux of groundwater in this channel (Section 8.1) suggest that

the natural pre-mining recharge and discharge rates for this channel is less than 2 gpm. The

increasing radiocarbon age of water (Section 5.3) in this channel suggests that increased
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groundwater recharge to this channel due to dewatering of this channel is probably not

occurring

In both the current permit area and the permit expansion area, relatively few springs

discharge from the stratigraphic horizons containing the mined coal seams or from horizons

below the coal seams (Star Point Sandstone). If there were impacts due to water being

encountered in the mined horizon, these are the springs that would be affected.

Springs in and adjacent to the proposed permit area which discharge from the lower

Blackhawk Formation include SBC-7 in the current permit area, and I 6-7 -24-3 and SBC- 17

in the permit expansion area. No springs discharge below mining horizons in the Mohrland

Federal lease and private land area. It appears that SBC-7, which previously discharged near

the Blind Canyon Seam portals, may have been affected by encountering water in the Blind

Canyon Seam workings. As described in Section4.2.1, this spring discharged about 18 gpm

and did not display significant seasonal variation, varying by only about I gpm. SBC-7 went

dry shortly after the sandstone channel in the northem extent of the Blind Canyon Seam

workings was drained or depressurized, suggesting that some of the groundwater at SBC-7

was likely related to the groundwater in the sandstone channel.

Discharge data from springs 16-7-24-3 and SBC-17 are limited, and it is not known if these

springs have a relatively constant discharge rate that might indicate that they are supported

by an inactive-flow groundwater system. Nevertheless, they discharge from a sandstone
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horizon directly above the Blind Canyon Seam. These springs discharge near the surface

trace of the Bear Canyon Fault and may be related to this structure. If these springs are not

associated with the Bear Canyon Fault but instead discharge from perched systems in the

Blackhawk Formation, there is the potential that the flow paths of the groundwater system

supporting these springs may be intercepted by mining in the permit expansion area.

Because the discharge from these springs (about 5 gpm) is small relative to the base flow in

Bear Creek (about 50 gpm), the disruption of flow from these springs would not greatly

affect the hydrologic balance of Bear Creek.

Springs that discharge from horizons below the mined coal seam in the current permit area

include the Panther Sandstone springs (Big Bear, Birch, Defa #T,andDefa#2). Some or all

of the water discharging from the Panther Sandstone springs has antiquity, suggesting a

possible relationship with waters encountered by mine workings. However, as discussed

extensively in Section 8.0, these springs are hydraulically isolated from the groundwater that

has been encountered in the Bear Canyon Mine. Hence, we do not anticipate any impacts

from mining activities in the current permit area, the Wild horse Ridge lease area or the

Mohrland Federal lease area. to Panther Sandstone springs.

Impacts to Big Bear Spring or other groundwater resources in the current permit area due to

mining in the permit expansion area are not expected. These areas are separated by the Bear

Canyon Fault which likely prevents hydraulic communication from between the west and

east side of the fault. That there is a hydraulic disconnect is indicated by the following:
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l. The vertical offset of the Bear Canyon Fault is approximately 230 feet. It has been

our experience that faults with large displacements in the Blackhawk Formation, Star

Point Sandstone, and Mancos Shale are almost always filled with relatively

impermeable fault gouge because of abundant shale and mudstone. This suggests that

the plane of the Bear Canyon Fault is filled with fault gouge. Where the Bear Canyon

Fault is exposed near the headwaters of Bear Canyon, extensive fault gouge is visible.

Fault gouge is generally not capable of transmitting water as demonstrated by the

lack of water in the gouge of the Blind Canyon Fault where encountered by the Bear

Canyon Mine (MRP, AppendixT-J, p. 78).

If the Bear Canyon Fault is filled with gouge, then the fault is a barrierto flow

vertically down the fault, laterally along the fault, or perpendicularly across the fault.

While, the fault plane itself may not support groundwater or groundwater flow, fault-

associated fractures on either side of the fault may support groundwater flow.

Consequently, any water-bearing fractures east of the Bear Canyon Fault are not in

hydraulic communication with fractures west of the fault that may be supporting

groundwater flow to Big Bear Spring.

2. Groundwater recharge to the Panther Sandstone likely occurs where the Panther

Sandstone is exposed at or near the surface and the little water recharges the Panther

Sandstone from overlying horizons (Section 6.3). Along the Bear Canyon Fault,
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adjacent to the Wild Horse Ridge and Mohrland areas, the Panther Sandstone is

juxtaposed against the Blackhawk Formation, because of 230 feet of vertical

movement along the Bear Canyon Fault. Consequently there can be no direct

hydraulic communication between the Panther Sandstone west of the Bear Canyon

Fault where Big Bear Spring is located and the Panther Sandstone east of the fault in

Wild Horse Ridge and Mohrland areas.

3. The rocks in the Wild Horse Ridge and Mohrland areas dip to the southeast. Thus,

groundwater in bedrock formations in these areas would naturally flow to the

southeast, away from the Bear Canyon Fault and away from Big Bear Spring.

4. Two springs, 16-7-24-3 and SBC-I7, discharge from the Blackhawk Formation

immediately east of the Bear Canyon Fault in Bear Canyon. A third spring, SBC-14,

discharges from the Spring Canyon Sandstone near the location of the proposed

portals for the Wild Horse Ridge expansion. All three of these waters have elevated

TDS contents relative to Big Bear Spring or water encountered in the Bear Canyon

Mine. These waters also have unusual chemical compositions with magnesium and

sulfate being the dominant ions compared to Big Bear Spring water in which calcium

and bicarbonate dominate (Section 5.2.2). These chemical data suggest that there is

no hydraulic communication befween the areaeast and the area west of the Bear

Canyon Fault.
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One spring, SBC- 14, discharges from a horizon located below the mined coal seams in the

Wild Horse area. This spring discharges from the Spring Canyon Sandstone in the right fork

of Bear Canyon. As noted in Section4.L6, discharge from SBC-14 fluctuates from 0.5 to l5

gpm, suggestingthatthis spring is supported by a local, shallow groundwater system in good

communication with the surface. The discharge fluctuations measured in this spring suggest

nearly all of the discharge from SBC-14 is not supported by groundwater that flows for some

greatdistance through fractures associated with the Bear Canyon Fault. (Discharge from

such a groundwater system would tend to have a more constant discharge rate.) Thus, this

spring should not be impacted if groundwater associated with the Bear Canyon Fault or

groundwater associated with perched horizons in the Blackhawk Formation is encountered in

mine workings in the permit expansion area.

We do not expect any additional large groundwater inflows to either the Blind Canyon Seam

or Tank Seam workings in the current permit area.

When coal mining recommences in the Hiawatha Seam workings, there is a potential for

water to up well from the Spring Canyon Sandstone where the elevation of the coal seam is

below the elevation of the potentiometric surface of the Spring Canyon Sandstone. In the

Mohrland Complex (Blackhawk, Mohrland, Hiawatha, andKing mines), located

immediately north of the Mohrland area, historical inflows as great as 100 gpm were reported

when the Bear Canyon Fault was intercepted. In the Bear Canyon Mine inflows were

typically less than 5 gpm and dried up shortly 4fter initial encounter. Inflow rates in the
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Mohrland area are anticipated to be small, only a few gpm, because it is anticipated that the

Bear Canyon Fault will not be intercepted by the proposed mining except to access Leas U-

46484. Based on historical inflows in the Bear Canyon Mine from crossing the Bear Canyon

Fault, groundwater inflows should be minimal (i.e., only a few gpm) and should dry us

shortly after being encountered.

We do not anticipate that partial dewatering of the Spring Canyon Sandstone will be a

significant adverse impact to the hydrologic balance because 1) water in the Spring Canyon

Sandstone has antiquity (Section 5.3) indicating that groundwater flow in the sandstone is not

active and2) there are no discernable discharges from the Spring Canyon Sandstone (except

the small seep BP-1).

Mine workings in the permit expansion area will likely not encounter any large groundwater

inflows. As in the currentpermitarea,large inflows will only occur if mining encounters a

large water-bearing sandstone paleochannel. The location of such features is not readily

predictable, but in the existing mine area, channels have only been encountered in the Blind

Canyon Seam. No mining will take place in the Blind Canyon Seam within the Mohrland

Mine lease/private area. We anticipate that if a large water-bearing sandstone channel is

encountered, groundwater discharging from the channel will have antiquity and not be part of

an active flow system that supports discernable discharge to the surface.
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Direct interception of water associated withfaults

Although groundwater is not associated with the Bear Canyon Fault in the current permit

area, it is not known if this feature will be the source of groundwater inflows when

approached from the east. Although we expect that water associated with the Bear Canyon

Fault may be part of an inactive groundwater flow system, we recommend that if any water is

encountered an evaluation be made atthattime to confirm this supposition.

Groundwater that may be associated with the Bear Canyon Fault was encountered in the

Hiawatha Complex approximately 5 miles north of the Bear Canyon Mine. Based on inflows

from the Bear Canyon Fault in the Hiawatha Complex, the maximum anticipated inflow from

the Bear Canyon Fault in the Hiawatha Mine will be 100 gpm. However, fault intercepts in

the Tank, Blind Canyon, Hiawatha Seams in the Bear Canyon Mine, suggests that the Bear

Canyon Fault does not convey water from the Hiaw atha areato the Bear Canyon area.

Water encountered in the Hiawatha Complex, which now discharges from the Mohrland

Portal, has a radiocarbon age in excess of 9,000 years, which is considerably older than water

in either Big Bear Spring or the Bear Canyon Mine (Section 5.3). Thus, water inflows to the

Bear Canyon Mine or water discharging from Big Bear Spring is not the same water that is

associated with the Bear Canyon Fault in the Hiawatha Complex. What this means is that if

water associated with the Bear Canyon Fault is encountered in the permit expansion area, it

likely will not impact any significant groundwater resource in either the current permit area

or the permit expansion area.

Revised PHC of coal mining in the Bear Canyon
Mine, Wild Horse Ridge, and Mohrland permit areas 1l January 8,2007



Mayo and Associates, LC

S ub s i de nc e -r e I a t e d fr a c t ur in g an d defo r m at i o n

The second method whereby natural groundwater discharge rates may be adversely affected

results from intemrption and deformation of strata above subsided areas. Removal of coal

during second mining causes the strata immediately above the mined horizon to cave. Above

the zone of caving, bedrock fractures in response to subsidence. The height of the fracturing

zone can be related to mining height. A relationship applied at some western coal mines is

that subsidence fractures propagate upward to approximately 30 times the height of the

extracted coal (Kadnuck, lgg4). Rock strata above the fractu re zonecommonly bend rather

than fracture. Near-surface fractures, which are the result of tension at the land surface

associated with differential subsidence. commonlv extend less than 100 feet below the

surface.

In the current permit area, mining has occurred in three seams, the Hiawatha, Blind Canyon,

and Tank Seams. At the Bear Canyon Mine second mining occurred in the Blind Canyon

Seam prior to mining in the overlying Tank Seam. This unconventional mining sequence

(i.e. extraction of the lower seam firO provides a unique opportunity to evaluate the integrity

of the strata overlying second mined areas at a height of about 250 feet above the Blind

Canyon Seam. Mine personnel report (C. Reynolds, Personal Communication, 1999) that the

Tank Seam was intact and that vertical fractures did not extend as high as the Tank Seam.

Some existing fractures were opened or loosened. Subsided areas at this height above the

Blind Canyon Seam did experience bending as demonstrated by increased aperture along

horizontal bedding planes. What this means is that fracturing propagates upward
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considerably less than 250 feet. That fracturing does not propagate upward further is likely a

result of the presence of massive sandstones in the Blackhawk Formation.

The effects of second mining in the Tank Seam cannot be as intimately ascertained. Second

mining in the Hiawatha, Blind Canyon and the Tank Seams will cause fracturing to

propagate upward from the Tank Seam to a greater height than fractures would extend if

mining occurred in the Tank Seam alone. However, because of the ameliorating effect of the

thick interburden between the Hiawatha, Blind Canyon and Tank Seams, it is unlikely that

the height of fracturing above areas of multiple seam removal will be significantly greater

than the height of fracturing above second mined areas in the Tank Seam alone. Thus, we do

not expect fracturing to extend more than about 300 feet above the Tank Seam.

In the Wild Horse Ridge permit expansion area second mining will occur in the Blind

Canyon and Tank Seams. In the Mohrland permit expansion area second mining will also

occur in the Hiawatha and Tank Seams.

In the current permit area and permit expansion area, no springs have been identified which

discharge from the upper Blackhawk Formation or the Castlegate Sandstone, and only two

springs discharge from the Price River Formation. Thus, the bulk of the groundwater

resources in the area are found in the North Horn Formation and the Flagstaff Limestone.

All of the springs with significant discharges identified in the Flagstaff Limestone and North

Horn Formation are separated from the Tank Seam by more than 1,000 feet of overburden
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(Plate 6-10 of the Bear Canyon Mine MRP). In the Mohrland area all springs are separated

from the Tank Seam by more than 1,000 feet of overburden. Thus, the groundwater systems

from which these springs discharge are well above the zone of potential impact from

subsidence fractures that propagate upward from the mine. Abundant clay and mudstone in

the North Horn Formation aids the quick healing of any subsidence-related fractures that do

occur. Therefore, the potential for these springs to be impacted as a result of mining-related

activities is minimal. This is importantbecause Mohrland area springs SBC-16,16A, 168,

I 8, and 21 provide base flow to the left fork of Fish Creek.

1.1.2 Surface water

The mine plan for the current permit area and the Wild Horse Ridge permit expansion area

has been designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the

Left Fork of Fish Creek. Thus, these perennial drainages should not be directly affected by

mining. However, the hydrologic balance of these systems would be impacted if

groundwater discharge that provided base flow for these systems were impacted. As noted in

the previous section, impacts to the groundwater discharge rates are not expected.

The hydrologic balance of Bear Creek below the mine discharge point will be affected by the

addition of mine water to the creek. This impact is discussed in Section 9.5.

In the Mohrland Mine lease/private area no impacts are expected from undermining stream

or drainage channels due to the depth of overburden. Previous mining in Mines #l and#Z
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support this idea. In Mine #1 full coal extraction was followed by mining in the overlying

Mine#2. Despite the fact that only 200 feet of overburden separated Mines #l and #2,the

Mine #2 coal seam and roof were intact when mining commenced in Mine #2.

1.2 Presence of acid-forming or toxic-forming materials (728.320)

Information on acid- and toxic-forming materials is contained in Appendix 6-C of the MRP.

Evaluation of these data usin g Guidelines for Management of Topsoil and Overburden

(Table 2;Leatherwood and Duce, 1988) revealed that there have been no poor or

unacceptable (acid- or toxic-forming) materials encountered in the permit area. Coal and

rock strata in the permit expansion area are expected to be identical to those encountered in

the current permit area. However, if any acid- and/or toxic-forming materials are discovered

in waste rock in the future, these materials will be disposed of in accordance with the

requirements of R645-301-731.300 and as outlined in Chapter 3 of the MRP.

Western coal mines commonly contain sulfide minerals, which, when exposed to air and

water, oxidize and release H* ions (acid). The sulfide mineral pyrite (FeSz) has been

identified in the Bear Canyon Mine. Although pyrite oxidation does occur, acidic mine

drainage does not. Acid derived from pyrite oxidation is readily consumed by dissolution of

carbonate minerals, which are pervasive throughout the rocks in the vicinity of the Bear

Canyon Mine. Iron liberated during pyrite oxidation is readily precipitated as iron-hydroxide

and is not observed in the mine discharge water.
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1..3 Impact of coal mining on sediment yield from disturbed areas (728.331)

The sediment load of streams can be impacted by increased sediment yield from disturbed

areas and from subsided landscape above mine workings. Sediment control measures for

existing and proposed disturbed areas are described in7.2.7 and7.2.8 of the MRP. It is

expected that the installation and maintenance of these sediment control structures will

prevent any adverse impacts to the sediment load of streams. Also of particular concern is

spring SBC-14 which discharges immediately below the proposed portal area in the right

fork of Bear Canyon. This spring supports a small riparian area in the canyon. The portal

facilities, culverts, and sediment control structures have been specifically designed to prevent

impacts from sediment yield to this spring and riparian area.

Subsidence can result in either increased or decreased sediment loading of ephemeral and

intermittent streams. Differential subsidence can locally increase stream gradients, causing

higher flow velocities in the stream channel and greater sediment loading. However, this

impact would likely be locali zed andshort-lived. If there is sufficient water in the drainage,

the increased erosion of easily eroded sediments will rapidly bring the channel to equilibrium

with the stream. If the altered substrate in the channel is not easily eroded, there will be no

increase in sediment loading of the stream. The sediment load of ephemeral and intermittent

streams would be decreased where subsidence causes water to be impounded. Here,

sediment would be deposited in the subsidence-induced depressions in the stream channel.

This occuffence would also be short-lived because sediment deposition in the depressions

would gradually bring the channel into equilibrium with the stream.
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An escarpment failure study conducted by (add reference) identified the Left Fork of fish

Creek as an area that may be impacted by subsidence. The modeling activity included: I ) the

identification or potential instability areas along cliff faces and 2) modeling of potential

failure along selected cliffface transects. Two areas within the lease boundaries and a third

area outside the lease boundary were modeled for potential cliff face failure. In all areas the

study found that escarpment failure would not present ahazardous condition. Locations of

the cross-sections (transect lines) of the modeled areas are shown on Plate 5.3 of the Bear

Canyon Mining and Reclamation Plan. The areas and potential impacts are summ arized

below.

Section Distance to Stream Maximum Rock Fall Distance
C.C' 2,600 ft 950 feet
D-D' 1.980 ft 6s0 ft
E.E' 450 ft 450 ft (rock hit bottom of canyon)

Section C-C'

This section is located on Wild Horse Ridge against the left fork of Fish Creek near the

southeast end of Federal Lease IJ-38727. The cross-section was selected where the

escarpments are the largest and the slope is the steepest. The model predicts that escarpment

failure will occur, but the falling rocks will not reach the stream channel. Therefore no water

related impacts would occur.
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Section D-D'

The section is located on Wild Horse Ridge against the left fork of Fish Creek near the

northeast end of Federal Lease lJ-38727. This section represents the transition area where

subsidence contours transition between the cliff face and the upland slope. Modeled

escarpment failure debris will not reach the stream channel, thus not stream impact will

occur.

Section E-E'

This section is located at the upper end of the right fork of Fish Creek between the two

stream segments of Federal Lease U-61 049. Here Fish Creek flows through a box canyon

and the escarpment failure will impact the streambed. Because stream flows are minimal in

this area, typically 10-30 gpm, water quality impacts, primarily sediment loading, will be

minimal and short term.

1.4 Impacts to acidity, TDS, and other important water quality parameters (728.332)

There is the potential for surface water and groundwater quality to be affected by mining

operations. Potential impacts to the acidity of surface waters and groundwaters resulting

from acid mine drainage were discussed in Section9.2, and the potential impacts of

increased suspended solids were discussed in Section 9.3. Other potential impacts from coal

mining activity include increasing the concentration of total dissolved solids (TDS) and

specific solutes in streams that receive mine discharge water.
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As discussed in Sectiong.2,pyrite oxidation, which has the potential to cause acid mine

drainage, does occur in the mine environment. However, the ubiquitous presence of

carbonate minerals in the permit area results in the rapid neutralization of produced acid.

Therefore, acid mine drainage does not occur. Toxic forming minerals are generally not

found in the permit area. Thus, the potential for detrimental impacts to groundwater or

surface-water systems as a result of the discharge or seepage of mine discharge water to the

surface is minimal. In fact, the qualiry of water discharged from the Bear Canyon Mine

portals is generally better than that of the receiving water (Bear Creek). Bear Creek above

the mine discharge (BC- 1) has an average TDS concentration of 544 mg/I, while the mine

discharge water (I.{PDES-004) averages 364 mg/L The mean sulfate concentration of Bear

Creek water is 263 mgA, while the sulfate concentration of the mine discharge water is less

than one fifth as great (51 mgll).

The practice of using rock dust for the suppression of coal dust in a mine may potentially

impact the groundwater flowing through the mine by dissolution of the rock dust constituents

into the water. Currently, only limestone or dolomite rock dust is used for dust suppression

pulposes in the Bear Canyon Mine and this practice is expected to continue during mining in

the permit expansion area. Hence, it is doubtful that rock dust usage will adversely impact

groundwater quality.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used in the current

permit area and will be used in the permit expansion area. Groundwater contamination could
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result from spillage of hydrocarbon products during maintenance of equipment during

operations, filling of storage tanks and vehicle tanks, or from tank leakage due to the rupture

of tanks. The probable future extent of the contamination caused by diesel and oil spillage is

expected to be minimal for three reasons:

No underground storage tanks will exist in the permit expansion area;

Spillage during filling of the storage or vehicle tanks will be minimized to avoid loss

of an economically valuable product;

The 1997 SPCC Plan provides for (and C.W. Mining has implemented) inspection

and operation measures to minimize the extent of contamination resulting from the

use of hydrocarbons at the site.

There are no transformers in the current or expanded mine permit areas that contain

polychlorinated biphenyls (PCBs). No surface roads capable of handling large volume and

or heavy truck traffic will be constructed in the permit expansion area. All roads will be

constructed and maintained in such a manner that the approved design standards are met

throughout the life of the entire transportation system (see Chapter 3 of the MRP). This fact

reduces the potential for hydrocarbon spills. Salting of some roads within the lease area

occurs during the winter months. Road salt is applied sparingly to minimize water quality

impacts to nearby surface-water and groundwater systems. The impacts resulting from road

salting in the permit areaare expected to be minimal.
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The springs that discharge above the mined horizons on Gentry Mountain are related to

shallow, active zone groundwater systems. These springs, which include but are not limited

to SBC 12, 15, 16, 18,20,21, and,22, andSCC- 1,2,5,6, and 7, arenot in hydraulic

communication with groundwater systems that will be encountered in the mine. We

anticipate no detrimental impacts to water quality to these springs as a result of mining

activities. Indeed, it is difficult to imagine a mechanism whereby the water quality of springs

that discharge above the mined horizon may be significantly impacted by mining operations.

Groundwater systems from which the springs on Gentry Mountain discharge are not related

to the groundwater systems encountered in the mine. The water quality characteristics at

each of these springs have been well documented. Generally, the concentrations of

individual solute parameters have not changed significantly over time (Appendix A).

1.5 Flooding or streamflow alteration (728.333)

Flooding is a potential consequence of mine water discharge. Mine water discharge is a

significant addition to the baseflow of Bear Creek (Figures l9e and l9f). During low-flow

conditions, the continuous addition of sediment free mine discharge water to Bear Creek may

increase the erosion potential in the stream channel. The channel substrate below the mine

discharge is located on the Mancos Shale, which is highly erodable. However, the amount of

water discharged from the Bear Canyon Mine is relatively small, averaging about 130 gpm

with a historic maximum of about 320 gpm. This relatively small quantity can be

accommodated in the inner, relatively stable portion of the channel. Significant bank erosion
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is, therefore, unlikely. The stream gradient in this reach of Bear Creek, approximately 60/o,

suggests that in general this area has relatively low erosion potential.

Localized flooding can occur due to increased overland runoff from disturbed areas. Runoff

control structures and sediment ponds minimize local flooding. The proposed surface

disturbance in the right fork of Bear Canyon has been specifically designed to prevent

flooding of the discharge area of spring SBC-14 or riparian areas supported by this

discharge. The mine plan for the current permit area and the permit expansion area has been

designed to prevent subsidence of Bear Creek, the right fork of Bear Creek, or the Left Fork

of Fish Creek. Thus no stream alteration is anticipated in these perennial and intermittent

drainages. In ephemeral drainages, differential subsidence may cause some alterations of

stream channels. Possible chanses are described above in Section 9.3.

In mine water from the Mohrland expansion will be discharged from the existing Mohrland

Portal (SCC-3). The portal currently discharges about 250 glm, although historical flows

have exceeded 700 gpm. During the initial phase of mining approximately 200 gpm of this

discharge will be used for in mine process water. As mining progresses in situ mine water

will be used as process water and Mohrland Portal discharges will increase. Assuming

excess in mine discharge will be similar to that in the Bear Canyon Mine, the discharge rate

from the Mohrland Portal may ultimately increase by about 50 -100 gpm creating a

maximum flow of 350 gpm based on the current best available data.
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1.6 Groundwater and surface-water availability (725.334)

As described in Section 9.1 there are no expected impacts to the hydrologic balance of either

groundwater or surface water systems. Therefore, there are no probable impacts to

groundwater or surface water supply. There are no water supply wells in the permit area that

could be damaged by subsidence. As described in Sections 8.1 and 8.2, mining has not nor

should not affect the groundwater systems that support Big Bear and Birch springs. Thus, we

expect that Big Bear and Birch springs will continue to be available for culinary use.

1.7 Contaminationo diminution, or interruption of water sources (728.340)

Based on the information presented in this document, we anticipate that there should be no

contamination, diminution, or intemrption of water sources.
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